SURFACE WATER

By D. B. Bogart and G. E. Ferguson

CHARACTERISTICS OF DRAHVAGE BASINS AND. SUMMARIES OF GAGING-
. STATION RECORDS ‘

METHODS OF lNVESTIGATION AND EXPLANATION OF DATA

COLLECTION OF FIELD DATA

Characteristics of the surface waters of an area can be defined
.only after a periodof observationcan provide data of extreme con-
-ditions of both flood and drought and recorded values from which
the most probable regimen for the future canbe estimated; 10 years
usually is considered to be adesirable minimum length of record,
although much can be learnedfrom shorter records, A few obser-
vation stations were established by the Geological Survey in the
Kissimmee River basin and in the Lake Okeechobee area in 1930
and 1931, but many stations used in this report were started as
late as 1939 and 1940, and others are even more recent, Only7
‘years of record (through 1946) are available for some statlons,
but fortunately, wide variations of conditions occurred.

A relatively wide range of hydrologic conditions occurred in
southeastern Florida during the period of more intensive investi~
gation (1939-46). The drought of 1939 was the principal cause for
the establishment of the enlarged program by the Geological Survey
in the Everglades area. The year 1940 was ordinary, but 1941 and
1942 were moderately wet, and conditions culminated in the fairly
high water of June 1942. After that, rainfall decreased markedly
and the accompanying drought reached what may have been an all-
time extreme inthe middle of 1945, Conditions returned to about
normal in 1946 after heavy rains caused a large amount of recharge.
Because of the close areal interrelationships of surface waters in
southeastern Florida, the study necessarily covered all basins
contributing to the Miami area. The longer records for Kissimmee
River basin and Lake Okeechobee supplemented the more recent
work in the Everglades and the coastal area,

Streamflow records, and records of stage along the streams and
canals, were obtained through the operation of stream-gaging
stations, At certain locations in southern Florida, water levels at
these gaging stations were read from staff gagesto hundredths of
a foot by local observers, At other points, where tidal fluctuations
or rapid changes in stage existed, or where the site was not readlly
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Figure 84-—Recording gage atstream-gaging station on Miami Canal at Water Plant, Hialeah,
Well is connected to ¢anal by two 2-inch pipes,

accessible to local ohservers, continuous records of stage were
registered mechanically by use of water-stage recorders. Typical

gages at a stream-gaging station are shown on figures 84 and 85.

Figure 85. — Staff gage graduated in feet and hundredths of a foot at stream-gaging station on
Miami Canal at Water Plant, Hialeah,
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Discharge records were collected by various methods. (See
Corbett and others, 1943, for general discussgion of this subject.)
At gaging stations immediately above control structures in Ever-
glades canals the flow through the spillway openings was measured
periodically by use of current meters, and daily discharge was
computed from records of stoplog positions and head, (Figure 91
shows a typical control in the Everglades with the recording gage
at the left, just above the lock.) The spillway openings, or bays,
have vertical slots on each side in which planks, known as stop-
logs, may be placed in a horizontal position., Stoplogs are placed
or removed (manually), according to the stage that is wanted above
the control; the top logs act as the crest of the spillway.. The dif-
ference between the upstream stage and the average crest elevation
is the head on the spillway, which isused to compute flow over the
spillway. The relationship between the head and discharge was
determined by making discharge measurements by current meter
under a wide range of flow conditions. Allowances were made for
obstructions in the spillway openings caused by hyacinth growth
and for leakages both under and through the structures. Atcertain
locations on the canals, where the control structures could not
be used, observations of velocity along measured reaches were
made twice daily, or oftener, bylocal observersby means of floats.
The velocity data were used, together with stage records and
current-meter measurements, tocompute rates of flow. At stations
on the few natural streams in the area, it was usually possible to
compute flow by means of a continuous record of stage and a rela-
tionship between the stage and the discharge developed by means
‘of occasional measurement of discharge. At stations on tidal
reaches of canals where single discharge measurements would not
represent the flow for other parts of the day, series of discharge
measurements were made to define the flow variations during tide
cycles (see detailed data for lower Miami Canal).

INTERPRETATION OF DATA

Stages and discharges in streams and canals seldom remain
stationary, instead, they fluctuate with rainfall, evaporation, wind,
tide, and regulation of control structures, The fluctuations in levels
and discharges, when systematically observed at the gaging sta-
tions, are -most effectively analyzed when plotted in the form of
hydrographs having time scales selected to show the fluctuation
being studied. Records of stages and dischargeson atidal stream,
for example, are presented on hydrographs having an expanded
time scale to illustrate fluctuations during a single tidal cycle, but
they also are plotted on a greatly contracted time scale to show the
seasonal or annual trends, In the first instance, the individual ob-
servations are used, but in the second instance, the plotted values
are usually daily or monthly averages. Hydrographs containing
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daily or monthly average values do not, of course, indicate in-
stantaneous extremes in stage or discharge, and this limitation
should be recognized in the use of these illustrations.

STAGE RECORDS

All Geological Survey gages in southeasternFlorida were either
set, or tied in, to mean sea level, and thus all the water levels in
the report are given in feet and hundredths of feet above mean sea
level, The use of a common datum permits simple comparisons
between water levels at different locations, and slopes or gradients
in the water surface are clearly indicated,

QOkeechobee datum, occasionally referred to here, was originally
established by levels run from Punta Rasa datum, which was ob-
tained from measurements made near the mouth of Caloosahatchee
River on the west coast of Florida. The U, 8., Coast and Geodetic
Survey has corrected and reestablished the elevation of these datum
planes; Okeechobee datum (as used for years in the vicinity of Liake
Okeechobee) is 1. 44 ft below mean sea level. Okeechobee datum
was extended by the Corps of Engineers and Everglades Drainage
District along all the major Everglades canals, and gages were set
to it even in tidal waters along the east coast! -

In the Miami area, the matter is further complicated by the use
of two other principal datum planes: mean low water, Biscayne
Bay datum-—used by the Corps of Engineers for tidal waterway
projects; and city of Miami precise datum—used by Miami for
municipal improvements. (Qther datum planes are usedlocally,
particularly along the coast, but thése four are the planes most
extensively used in the Everglades area. The use.of the several
datum planes, and a lack of general knowledge of their interrelation-
ships, often causes confusion in discussion of water problems.

Table 20,~—Principal datum planes used in the Everglades and in the Miami area

Adjustment to be made
to elevations to convert to
mean sea level, U, §, Coast
and Geodetic Survey datum (ft)

Daturr: plane

City of Miami . -0.269
ewall Point -0.49
ean low water, Biscayne Bdy,
U. $. Corps of Engineers -0, 779
ean low water, Punta Rasa -0, 88
ake Qkeechobee -1, 44

The relationship of the four principal datum planes is shownin
table 20. This informationcan be used toconvert elevations given

1on July 1, 1947, the Corps of Engineers adopted mean sea level datum for work in. the Ever-
glades area and reset all their inland gages to that datumn.
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with respect to one of the datums to any of the other three. The
Punta Rasa and Sewall’s Point datums are used in connection with
the navigation canal across Florida from Fort Meyers to Stuart,
This canal is the outlet, both to the east and to the west, for water
released from Lake Okeechobee.

DEFINITION OF TERMS

Rate of flow is expressed in this report both in cubic feet per second
and in millions of gallons per day. A flow of 1 cubic foot per second (second-
foot) is the rate of discharge equivalent to that of a stream or canal
with a channel 1 square foot in cross-sectional area and ‘with an
average velocity of 1 foot per second. The unit million gallons per day
is equivalent to 1.547 cubic feet per second, These terms are
abbreviated “cfs” and “mgd,”

Acre-fect and thousands of acte-feet are commonly used as units of run-
off because of convenience in storage and irrigation calculations.
An acre-foot is the quantity of water required to cover an acre to
the depth of 1 footand is equal to 43, 560 cubic feet, Water flowing
at the rate of 1 cubic foot per second for 1 day is equivalent to
1. 983 acre-feet, or approximately 2 acre-feet,

In agricultural areas where pumping for drainage and for irri-
gation is extensively practiced, as in the upper Everglades, rate
of flow is also expressed in gallons per minute abbreviated “gpm, ¥
The rate of 1,000 gpm is equivalent to 2.23 cfs, and if continued
for 1 day, amounts to about 4.4 acre-feet,

Other useful terms for flow are: inflow, outflow, and seepage. In this
report, inflow into a canal or an area principally refers to water
entering by a connecting channel or by-overland movement, but it
may also include seepage flow, Outflow, of course, is the same
process in the opposite direction. Seepage is the movement of
water through soils or rock formations into, or out of, a canal or
an area. It is either inseepage OT outseepage, depending upon the di-
rection of the movement with respect to the canal or the area, The
distinctions involved are useful because of the changing water re-
lationships in the Everglades area.

When discussing the direction of flow ina channel, or the direction
of acurrent, it is customary toidentify the movement with the com-
pass reading of the direction toward which the water is moving; as,
a southerly flow,0r asoutherly current, is moving toward the south. Famili~-
arity with this definition is important because it is diametrically
opposed to usage with respect to the wind.,

In most of the United States, the area contributing water to a
stream can generally be identified and mapped and is referred to

346881 O—55-w—21



296 WATER RESQURCES IN SOUTHEASTEPN FLORIDA

as thedrainage basinof that stream. The term is applicable to any
point on a stream, but it is usually applied to the whole, In flat
terrain like the Everglades, however, and in much of the central
part of Florida, drainage basins cannotbe identified as such, The
drainage divides are too subtle for practical means of delineation
and even vary.with different conditions of rainfall. The term
contributing area therefore is generally used in this report although
basin may occasionally be employed to make easier reading.

INDEX OF GAGING STATIONS

Plate 1 shows the locations of all gaging stations in southern
Florida with the type of data collected indicated by symbols. Each
station in southeastern Florida is referred by number to a de-
scriptive entryin table 21, in which all stationrecords in that area
are listed (cataloged by basin), beginning on the west shore of
Lake Okeechobee and continuing clockwise around the shoreline.
Within each basin, the stations are listed in downstream order,
with those along the main tributary presented first, The month
and year of beginning of records are included, and because many
of the early records were not collected by the U. S. Geological
Survey, the source of all other data is explained in the footnotes.

Practically all the discharge records collected in southern Florida
since 1930 are published in U. S, Geological Survey Water-Supply
Papers, Daily, monthly, and yearly discharges are listed for the
regular gaging stations. Stage records are unpublished with the
exception of those for Lake Okeechobee.

In addition to records collected at the regular gagingstations,
listed in table 21, many observations of stage and measurements
of discharge were made at miscellaneous locations. Most of the
stage readings are unpublished, but the results of most of the
discharge measurements made since 1930 are published in U, S.
Geological Survey,Water-~Supply Papers.
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Table 21.— Index of discharge and stage records in Lake Okeechobec and Everglades
basing as of Jan., 1, 1947 '

[D, daily discharge record; PD, periodic discharge measurements; $, daily or continuous
stage record]
No, Type
om Location of Date of collection Collection agency
pl. 1 data
1| Fisheating Creek at Palmdald D |Apr, 1981 to Dec, 1937} U. S, Geol, Survey and
Okeechobee Flood
Control District
do, D |Jan. 1938 to date U, 3. Geol, Survey
2 | Indian Prairie Canal near $ |Apr. 1928 to Mar, 1931 | Everglades Drainage
Lakeport, . District
do, D |Apr. 1931 to Feb, 1933 | U, S, Geol. Survey and
Okeechobee Flood
Control District
3 | Indian Prairie Canal near D |June 1939 to date U, S, Geol, Survey
Okeechobee,
4 | Altigator Lake near Ashton. § |Nov, 1941 to date ceedo
5 | Mary JaneeHart Canal near | FD |May 1942 to date do,
Narcoossee,
6 | Hart Lake near Narcoosee. $ [Nov, 1941 to date do;
7 | Hart~East Tohopekaliga D |May 1042 to date do,
Canal near Narcoossee. :
8 | East Tohopekaliga Lake at S |Nov. 1941 to date do
5t, Cloud.
9 | East Tohopekaliga= PD |[May 1942 to date do,
Tohopekaliga Canal
near 5t. Cloud,
10 | Tohopekaliga Lake near 8 ' lJan, 1942 to date do,
Kisgimmee,
11| Tohopekaliga~Cypress Canzl | PD  |May 1942 to date do, 2
near 5t, Cloud,
12 ess Lake near §t, Cloud{ § [Jan. 1942 to date do,
13 Hatchix:leha Lake near 5t, S [Jan, 1942 to date do,
Cloud,
14 { Hatchineha~Kissimmee FD |May 1942 to daté do,
Canal near Lake Wales,
15 | Lake Kissimmee near Lake S Mar, 1942 to date U. 8. Geol, Survey
Wales,
16| Kissimmee River at outlet $ |Apr. 1928 to Dec. 1930 | Everglades Drainage
of Lake Kissimmee. ' District
. S, PD|Jan. 1931 to Dec, 1937 | Okeechobee Flood Con-
trol District
D |[Jan. 1930 to Feb, 1934 | Computed by U. 8.
Geol, Survey from
: above data,
17 | Kissimmee River below :
Lake Kissimmee, D |Mar, 1934 to Dec, 1937 U. §. Geol, Survey and
Okeechobee Flood
Control District
D }Jan. 1938 to date U. 5. Geol, Survey
18 | Kissimmee River at Fort § |Dec. 1941 to date do,
Kissimmee,
19 | Kissimmee River near $ . |Apr, 1928 to Dec, 1930 | Everglades Drainage
Comwell District
: §  |[Jan. 1931 to date U. §. Geol, Survey
20 | Kissimmmee River near
- Okeechcbee PD  |Dec, 1927 to Mar, 1928 | Everglades Drainage
District
S, PD |Apr. 1928 to Dec, 1930 do,
D [Jan. 1930 to Dec, 1930 | Computed by U, 5,
Geol, Survey from
above data,
D {Jan. 1931 to Dec. 1937 | U, 5. Geol. Survey and
Qkeechobee Flood
Control District
D |Jan, 1938 to date U. 8. Gecl, Survey
21 | Butler Lake at Windermere § [Nov. 1941 to date .
22 | Cypress Creek at Vineland PD  |Sept, 1943 to July 1945 |..eccceeeen. PR T T e
D |Aug. 1945 to date do,
23 | Reedy Creek near Loughman | D [Nov, 1939 to date do,
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Table 21— Index of discharge and stag
asins as of Jan. 1,
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1947~ Continued

& records in Lake Okeechobee and Everglades

No, Type
on Location of Date of collection Collection agency
pl. 1 data
24 | Weohyakapka-Rosalie Canal|$,PD | Aug, 1942 to date U, §, Geol, Survey
near Lake Wales
25 | Lake Rosalie near Lake S [Nov, 1941 to July 1942 do,
Wales
26 § Lake Arbuckle near Avon 5 |[Dec, 1941 to date do,
Park
27 | Arbuckle Creek near DeSoto] D |June 1939 to date do,
City .
28 | Lake Istokpoga near DeSoto §S  [July 1936 to July 1942 Comps of Engineers
City .
] Aug, 1942 to date U, §, Geol, Survey
29 | Istokpoga Canal near 8, PD |Feb, 1928 to Dec. 1929 | Everglides Drainage
Camwell District
S |Jan, 1930 to Dec, 1930 do,
s Jan, 1931 to Feb, 1834 | Okeechobee Flood
Control District
D |Mar, 1834 to Dec, 1937| U, S. Geol. Survey and
Okeechobee Flood
Control District
D {Jan, 1938 to date U, 8, Geol, Survey
30 | Taylor Creek at Okeechobee |S, PD jApr. 1931 to Nov, 1931 | Okeechobee Flood
Control District
D |Dec, 1931 to Sept. 1938 Computed by U. §.
Geol, Survey from
data furnished
§ 10ct, 1933 to Mar, 1534 | Okeechobee Flood Con=
) . trol District
83| Lake Okeechohee $ {May 1915 to Dec, 1930 | Everglades Drainage
' : District
5 |Jan. 1931 to D <, 1937 | Okeechobee Flood Con-
trol District
S |Jan, 1938 to Sept, 1940| U, S, Geol, Survey
S  |Oct, 1941 to date Corps of Engineers
32| St, Lucie Canal at Lock No, | D |Apr, 1931 to Dee, 1937] U. 8. Geol, Survey and
1 at Lake Okeechobee Okeechobee Flood
: Control District
D |Jan, 1938 to date U. 8. Geol, Survey
33 | West Palm Beach Canal at D jNov. 1939 to date avrresnsennrrs@Ouersivinranae .
Canal Point
34 | West Palm Beach Canal at 5 |Aug. 1942 to date do
Loxahatchee-
35 | West Palmn Beach Canal near{ S {Nov. 1939 to June 1941 do,
West Palm Beach
36 | West Palm Beach Canal at D [Nov, 1939 to date U, S, Geol. Survey and
‘West Palin Beach Lake Worth Drainage
District
31 qu‘:va;i':ihng Canal 4 at Lake May 1944 to Jan, 1946 | U, 5, Geol. Survey
38 | Boynton Canal at Boynton D |July 1841 to June 1943 | U, S, Geol. Survey and
Beach Lake Worth Drainage
District
§  |july 1943 to Mar, 1944 | Lake Worth Drainage
District
39 |Lake Okeechobee outlet near| D |Jan, 1940 to Sept, 1940 | U. 8, Geol, Survey
Belle Glade
40 Hil]sbgreo Canal at Belle D jjan, 1940 to date do,
Gla
41 }Hillsboro Canal at Shawano S [Jan. 1929 to date Shawano Plantation
Plantaticn
42 |Hillsboro Canal at State S |Nov. 1939 to fune 1941 | U, S, Geol. $wrvey
Highway 7T near Deerfield .
Beach ’
43 JHillsboro Canal near D [Nov, 1939 to date do,

Deerfield Baach
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Table 21, Index of digcharge snd stage records in Lake Okeechobee and Everglades
basins as of Jan. 1, 1947-—Continue

No, Type
on Location of Date of collection Collection agency
pl. 1 data
44 | Cypress Creek Canal at D |Feb, 1940 to hme 1943 | U, S, Geol. Survey
Pompano
45 | North New River Canal at D |Nov. 1939 to date do
South Bay
48 | North New River Canal at P, PD | June 1942 to date do,
26~Mile Bend near Fort
Lauderdale
47 | North New River Canal at § |Sept. 1940 to Jan, 1941 do,
20=-Mile Bend near Fort
Lauderdale
48 | North New River Canalnear | D |Nov, 1939 to date do,
Fort Lauderdale
49 | Bolles Canal at Okeelanta PD |June 1939 to Feb, 1944 do
near South Bay
50 | South New River Canal at 5 |Mar. 1942 to June 1942 do,
Highway 25
§ |Apr. 1943 to date do,
51} South New River Canal near | D |Nov, 1939 to June 1941 do,
Davie
52 | Snake Creek Canal at Narth | § |Mar. 1946 to date do
Miami Beach '
53 | Biscayne Canal at NW. 5 |Aug. 1940 to Dec, 1942 do,
27th Ave,, Miami
§ [Nov. 1945 to date do
54 { Biscayne Canal at North $ |Feb, 1946 to date do
Miami
55 | Biscayne Canal at Miami § |Nov. 1940 to Sept. 1941 do,
Shores ' s
$ |Sept. 1945 to date do,
56 | Little River Canal at § |Aug, 1940 to Dec, 1942 do,
NW. 27th Ave., Miami
S |Nov, 1945 to date do
57| Little River Canal at S |Jan, 1946 to date do,
NW. T¢h Ave,, Miami
58 | Little River at Miami , PD|Oct. 1940 to Sept., 1941 do,
$ |Sept, 1945 to date do,
59 | Miami Canal at Lake D |Nov. 1939 to fune 1943 do,
Harbor
60 | Miami Canal below léck § | Apr, 1946 to date do,
and dam at Lake Harbar
61| Miami Canal below junction |S, PD| Apr. 1941 to May 1943 de,
with South New River ’
Canal near Miami
62{ Miami Canal above County § |Mar. 1942 to Aug, 1943 do,
Line Dam pear Miami ’
63| Miami Canal at broken dam | PD |May 1940 to date do,
near Miami
§ |Sept. 1940 todate do,
64| Miami Canal at Pennsuco D |Nov. 1939 to July 1943 do,
near Miami
S [July 1943 to date do,
65| Miami Canal at Russian S |Aug, 1941 to date R do
Colony Canal near Hialeash
66 | Miami Canal at F.E,.C. S - [ Aug. 1941 to July 1943 do,
Canal, Hialeah
67| Miami Canal at Water Plant, | D |Jan. 1940 to date do,
Hialeah
68 | Miami Canal at 36th Street, | S |Aug. 1941 to date do,
Miami
69 | Miami Canal at NW. 5§ . |Oct, 1945 to date do,
27th Ave,, Miami
70 | Miamni Canal Jateral at
Pennsuco PD |Feb. 1940 to Aug, 1943 do,
71| Tamiami Canal outlets D |Nov. 1939 to date do,

west of Miami
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" Table 21— Index of discharge and stage records in Lake Okeschobee and Everglades

basins as of Jan, I, 1947— Continued

No. Type| )
on Location of Date of collection Collection agency
pl. 1 data
72 | Tamiami Canal at 40«Mile s July 1940 to date U, S, Geol. Survey
* Bend -

73 | Tamiami Canal at Krome S | Nov. 1939 to July 1942 do,
Ave,, near Miami

74 | Tamiami Canal at Dade~- S | July 1942 to Jan, 1946 do,
Broward Levee near .
Miami

75 | Tamiami Canal near Coral D | Jan, 1940 to June 1943 do,
Gables )

76 | Tamiami Canal at Red D | Jan, 1940 to Jume 1943 do
Road, Miami $ | July 1943 to date do

77 | North Line Canalnear Coral| PD | Jan. 1940 to May 1943 arers do.

78 | coiPtibles Canal at Red | S | Jan, 1946 to date do,
Road, Coral Gables

T9 | Snapper Creek Canal at S | Nov, 1945 to date do,
Coral Gables

80 | Biscayne Bay at Coconut S | Nov. 1940 to date do
Grove ’

81 | Biscayne Bay near § | Feb, 1946 to date do,
Homastead

82 | Calocsahatchee Canal at D | July 1938 to date do,
Moare Haven )

83 | Caloosahatchee River at D | Apr, 1934 to Sept, 1936] Okeechobee Flood Con-
Citrus Center ol District and U, §,

Geol, Survey

84 | Trafford Lake near $ | Mar, 1941 to date 1. 8. Geol. Survey

Immokalee

Note, — Measurements of discharge made at several points along Hillsbore, North New River,
South New River, Miami, and Caloosahatchee Canals during 1913 by Everglades Engineering
Commission and published in U, §. Geol. Survey Water-Supply Paper 352,

Additional stage and discharge measwrements made by Everglades Drajnage District and Corps
of Engineers, U. §, Army; some of these measurements are published inreports by these agencies,

Non-continuous observations of stage and measwrements of discharge made by U. 8. Geol,
Survey at numerous locations pot indicated above, A portion of these are included in following
sections of this report,

All records collected by U, §, Geol, Survey were in cooperation with one or moie of the fol-
lowing: Corps of Engineers, U, 3. Army; State Geologist; Trustees of Internal ImprovementFund,
Everglades Drainage District, Dade County; cities of Miami, Miami Beach, and Coral Gables.

BASINS TRIBUTARY 1'0 LAKE OKEECHOBEE

GENERAL DRAINAGE SYSTEM

The waters of south-central Florida collect in several basing
and drain into Lake Okeechobee, and in their natural regimen they
passed through the Everglades and into the sea, (See p. 138, 145,
149 and pl. 12.) The lake forms a narrow place in a drainage
system that is shaped somewhat like an hour-glass, It receives
runoff from the north and northwest and distributes the excess water
(artificially, since the lake hasbeen controlled) to the east, south,
and west. This relationship of river source to ultimate outlet is

unique and is in part the cause for the unusual water problems of
southeastern Florida, '
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Kissimmee River is the largest tributary of Lake Okeechobee,
but the lesser tributaries furnish a substantial part of the flow. It
is not possible to clearly define the boundaries of the drainage
‘basins because of the nearly level and indeterminate divides; the
direction of flow over these dividesvaries according to the distri-’
bution of rainfall, Detailed topographic maps are lacking, there-
fore the divides and d ainage areas given in this report represent
average conditions established from available maps and field ob~
servation. (Locations where measurements of flow and stage have
been made in the basins tributary to Lake Okeechobee are shown
on pl. ‘1 and in table 21.)

The area contributing to Lake Okeechobee is about 4, 200 square
miles, of which 80 percent is drained by the Kissimmee River.
The remaining areas, considered individually, are small in com-
parison with Kissimmee River basin; the largest, Fisheating Creek
basin, northwest of the lake, is roughly one-eighth the area of
Kissimmee River basin, Taylor Creek, which lies immediately
east of Kissimmee River, is next largest. Small natural sloughs
and drainage canals, mainly along the northeast and northwest
shores of the lake, provide courses for runoff from the remainder
of the contributing areas. The aggregate runoff from these lesser
basins is about 20 percent of the inflow to Lake Okeechobee and
must be evaluated in aninventory of the water resources of south-
eastern Florida.

KISSIMMEE RIVER

The uppermost tributary, or source, of the system which drains
southeastern Florida is Kissimmee River, with a drainage area of
approximately 3, 300 square miles. The basin of Kissimmee River
is very similar to those of many other coastal streams, with low
undulating hills and flat, wide, swampy valleys. The northern and
western parts of this basin, in which there are a myriad of lakes,
forin a part of the well-known Lake Region of central Florida and
include some of the highest land in Florida. The altitude of the
basin ranges from 16 ft at Lake Okeechobee to about 325 ft at Iron
Mountain near Lake Wales; most of the basin is below 100 £t in al-
titude, land slopes are flat, and drainage is imperfect,

Prior to settlement and development of the area the drainage
regimen was characterized by thehigh degree of natural detention
of the water in the various lakes, with overflow across wide,
shallow marshes intolower lakes during the normally wet summer
months and during periods of heavy rainfall. Some water probably
flowed north into St. Johns River basin, More recently, construction
of canals for reclamation of many of the principal headwater lakes
and their connecting channels has reduced detention, has increased
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runoff, andhasloweredthe seasonal high-water levels, The drain-
age is still characterized, however, by its relatively slow runoff
rate and its high proportion of storage,

Kissimmee River basin occupies the part of Polk County that,
according to Stringfield (1936), is the recharge area for the Floridan
aquifer, \

Floods in Kissimmee basin are characterized by slow changes
of stage and low velocities of water., They do not resemble the
spectacular and destructive floods of hilly regions, The towns and
villages in the basin suffer very little from inundation, but homes
in outlying districts may be damaged, The principal aspect of the
floods is the shallow flooding of large areas of sandy prairie and
intermittent marsh. Livestock suffers, but no real danger to
humans occurs. In the upper and middle parts of the basin, roads
become flooded at low places. Flood conditions may lastfor several
weeks because of the slow rates of runoff. The watersare rel-
atively clear and little silt is left after the floods pass.

Inan attempt to simplify description and to conform with signif-
icant physical differences, the basinhas beendivided into two parts
of nearly equal size, which are referred to as the upper basin and
the lower basin, The upper basinis the partthat, in general, drains
southward into Lake Kissimmee, The lower basin is the part ex-
tending to Lake Okeechobee, Kissimmee River and its principal
tributaries are discussed in a northto south order in the following
sections., Miscellaneous points of observation in the basin are
listed in table 21 and selected discharge and stage data at these
locations are listed in table 23,

UPPER KISSIMMEE BASIN

The distribution of runoff in the upper basin (above the outlet of
Lake Kissimmee) is influenced by storage in the chain of large
lakes, which, with the interconnecting canals, make up the main
headwaters tributaryto-the Kissimmee River, The area of the lakes
in the upper basin total about 200 square miles, or about 10 per-
cent of the basinarea, Plate 1 shows the canals that carry the flow
from Alligator Lake north through Lake Hart and then generally
south through East Tohopekaliga, Tohopekaliga, Cypress, Hat-
chineha Lakes, and Lake Kissimmee, Inwet periodsalarge amount
of water flows into these lakes through small natural tributaries
and secondary drainage canals. A principal tributary, Reedy
Creek, discharges runoff from a large area to the northwestinto
the chain at Hatchineha Lake, Water also crosses the natural
divide, shown on plate 1, northward through Lakes Weohyakapka
and Rosalie into L.ake Kissimmee, From Lake Mary Jane, just
upstream from Lake Hart, a canal diverts some ‘water Northeast-



Table 2%.-— Runoff of Lissimniee River at outlet of, and below, Lake Kissimmee

[Drainage area 1,850 square miles]}

Ramoff {in 1,000 acre~ft} for indicated months Annual
Year - rimoff Percent of
Jan, Feh, Mar, Apr., May hme July Aug. Sept, Oct, Nov, Dec. (1,000 - 12-year
acre-ft} mean

1230 74,0 65,5 80,1 108.4] ~ 112.0] 299.5 457.5) 268.0 223.0] - 268.6 164,86 113.0 2,236,.8 324.5
1231 122.9 103.7 111.1 160, 2 91.1 69.0 §2.2 44.5 40,0 38,4 32,1 29,7 842.5 122.3
1932 26,6 21,7 19.9 14,4 10.0 11,1 11,9 18.0 26.5 28,7 26,86 23.8 239.2 34,7
1933 21.8 17.0 16,5 13.4 10,4 §.1 18.6 34.1 221.8 205.5 115,0 82. ¢ 1765.6 1111
1934 63,2 47,0 46,6 46,1 46,91 192.0 291,3| 186,2 162.2 93.0 64,2 50,0 1,288,7 187.0
1935 ‘41,4 31,1 29.9 24,0 19.0 12,8 14,2 14,8 23,9 46,1 45,9 41,3 .9 49,9
1336 43,0 62,6 103.¢ 82,2 63,3 54,9 12.4 8.7 18,2 91.4 77.8 63,1 870.6 126,3
1937 50,5 42.2 45,1 45.6 45.1 35,5 33.3 318 37.9 T0.8 94.86 108.4 640.8 93.0
1938 58,3 72.3 | 64,8 46,8 36,6 33,5 36.6 43.3 36,6 39,7 41,6 31.6 587,17 85,3
1939 32.3 25.3 22.8 16,7 14,2 13,9 32,2 55.0{- 100.9 123,2 93,9 70,1 600, 5 87.1
1940 61,2 57.3 61.6 56,8 45.4 35.8 34,6 39.0 46,8 49,5 41,0 36,2 565.2 82,9
1241 39,5 43.8 54.3 79.3 9.5 61,6 17.5] . 104.4 116,9 102, 7 102. 8 106. 7 962, 0 140,68
1942 104.9 15,0 89.8 82.0 68.5 63,1 84,6 81,5 @8.8 60.7 47.3 40.8 864, 6] 125,8
1943 36,5 29.5 27,8 22.5 19,6 15.9 18,2 27.8 41,7 56,5 50,8 47,3 393.6 57,1
1944 41.9 33,6 30,7 27.4 23,2 18.5 20.0 20,1 42,5 56,5 66,2 63.2 453, B} 65,9
1945 59.8 49,7 46,2 38.4 32.1 25.9 55.7f 815 216.0 320.5 212, 1 102.0 1,239.9 179.9
1946 73.3 58.2 60,1 49,1 39.6 35.8 36.0 82.4 85.9 99.0 4.8 62.2 T36.4 106.9
Mean .

1235-46 56,9 48,4 52.9 47,6 40.5 34,0 42,9 54,1 14,1 93.1 79.1 64,9 689.1 100

Percent .
of .

axmual 8.3 7.9 1.7 6.9 5,9 4.9 6.2 1.9 10,8 13.5 11.5 9.4 160

Note. —Daily stage records from January 1930 to.December 1930 by Everglades Drainage District, and January 1931 to December 1937 by Okeechobee Fiood Control
District. Single discharge measurements made during 1931 and 1932, and at semimonthly to monthly intervals from 1933 to 1937, Unpublished estimates of daily dis-
charge for January 1930 to September 1933 made by the Geological Survey; daily discharge published for October 1933 to December 1937, Records subsequent to January
1938 based on discharge measurements usually made at bridge and gage-height record 3 miles below bridge.
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Table 23, — Summary of discharge and water-level data at stations in Kissimmee River
’ basin for selected perioda

[Listed in downstream order]

No, Period July 6-10, 1942 |Period May 25-27, 1845%
Stations on .| Discharge Elevation |Discharge " Elevation
pL 1 (cfs) (feet)® (efs) (feety?
Alligator Lake 4 65,64 83,20
Mary Jane Lake, north outletd,.,, 10,1 1,4
Mary Jane - Hart Canal,.cveeseness 5 324 12.6
Hart Lake 6 61,25 57.89
Hart - East Tohopekaliga
Canal 7 336 1
East Tohopekaliga Lake,..ceeeesone 8 57,35 583,95
East Tohopekaliga~Tohopekaliga
Canal 9 240 ’ 9.4
Tohopekaliga Lake.usssssersannonsss 10 55,81 51,19
‘Tohopekaliga=Cypress Canal,,,.. 11 602 17,0
Cypress Lake 12 54,76 50,18
Hatchineha Lake.ueisssrnsssorseane 13 53,33 48,74
Hatchineha=-Kissimmee Canal,.., 14 1,110 52,91 114 48,37
Lake Kissimmee dudsvassasRETRRERIS 15 82,67 417,22
Kissimmee River below Lake
Kissimmee vuvenesassscsisensanerse 17 1,280 52,26 307 46,91
Kissimmee River at Fort
Kissimmee LT T T T Y Y T T ey 13 45,74 41,11
Kissimmee River near
Carnwell 19 31,64 26,83
Kissimmee River near
Okeechobetuiisimssnstessrsasassas 20 2,520 23,71 485 17,90
Tributaries
Butler Lake at Windermere,.oueees 21 100, 19 98,61
Reedy Creek near Loughman,,.,, 23 231 67,67 20,7 66, 60
Weohyakapka=-Rosalie Canal,,,.. 24 295 60.21. 30,0 81,12
Lake Rosalie..iieisissreencssssasarns 25 54,87
Lake Arbuckle ..iiiscieserssvenssrss 26 55,00 52,40
Arbuckle Creek near DeSoto
City. 27 3170 40,94 62,0 31,96
Istokpoga Canal 29 634 . 36,79 82,3 33.36

1Runoff conditions during this period are near the seasonal average, July 1942 mean discharge
of Kissimmee River near Okeechobee was 126 percentof the 22-year July mean (1924 -45), Single
measurements and chservations at various locations were made on different days during the period,
but slow rate of change makes all vajues comparable. For stations at which continuous records
are collected, discharge and stage values represent average for period,

2Represents runoff under drought conditions,

3Elevations are for meansea level datum, Levels by U. 8, Geol, Survey and Corps of Engineers,
- U, 5. Army,
4Flows northeast into Econlockhatchee River (5t. Johns River basin),

ward out of Kissimmee basin into Econlockhatchee Ri\}er head-
waters (5t, Johns River baszin),

The runoff from the upper basin (an area of 1,850 square miles)
is measured at a gaging station on Kissimmee River at the outlet
of Lake Kissimmee, (no. 17, pl. 1) where records have been col-
lected since 1930, The monthly runoff for this station is listed in
table 22, The minimum ordinary: discharge of 150 cfs occurred
in June 1933 during a drought period. The maximum flow of 8,750
cfs occurred on June 24—30, and July 5, 6, 1930 (a rate 58 times
as great as the minimum). The fact that both extremes were in
June shows the wide range of runoff conditions that are possible in
the critical spring and summer months, The mean annual discharge
(12-year base period, 1935—46) was 950 cfs, eq}zivalent to 6.98 in,

2No flow occurred September 3-4, 1935, when hurricane winds blew upstreéam—a special
condition,
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of water over the entire tributary area, or about 14 percent of the
average annual rainfall. The stage rangedbetween 44, 6 and 55, 2 ft,
a difference of 10.6 ft.,

Monthly measurements of discharge of canal stations, and daily
measurements of stagein 10 lakes along the headwater tributaries,
have been collected since January 1942, However, these limited
records can provide only an approximate definition of runoff and
stage characteristics, Stage and discharge observations for selected
periods are given in table 23,

FLOOD FREQUENCY

A study of the frequency of flood discharges at the gaging station
below Lake Kissimmee was made by the following method: The
maximum discharge ineach year of record was listed according to
size; the greatest discharge was designated as no, 1. The mean .
recurrence interval in years (interval in which a given discharge will
be equaled or exceeded on the average) was computed by the formula

il ',:',1 , where'ris length of record in years and ¥ is its relative

“magnitude. A graphwas thenprepared on probability paper (Gumbel)
. with discharge as ordinate and its corresponding mean recurrence
interval as abscissa. This graph shows the flood discharge that
may be expected to be equaled, or exceeded, once in any period of
years, on the average., The results are summarized below:

Average annual flood....esserseess 2, 750 cfs, (17 years of record)

5-year recurrence interval..... 6, 300 cfs

10-year recurrence interval,...7, 300 cfs

15-year recurrence interval.... 8,240 cfs :

Maximum flood observeds....... 8,750 cfs (June 24~30, July 5, 6,
1930); this figure probably was exceeded in August 1928,

On a square-mile basis these discharges are less than those
observed downstream at the station near Okeechobee, as reported
in the section on the lower Kissimmee basin, This relationship is
contrary to the typical downstream decrease in flood discharge per
square mile of drainage area, The comparatively low unit rate of °
flood discharge just below Lake Kissimmee is probably due to the
attenuation by storage in the many lakes in the upper basin,

REEDY CREEK

The gaging station on Reedy Creek near Loughman (no, 23, pl. 1),
where runoff from an area of 190 square miles is measured, has
been in operationsince November 1939, Records show a minimum
discharge of 2.6 cfs on June 2, 3, 1945, and a maximum of 706 cfs
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onOctober 22, 23, 1944, Neither of these extremes is satisfactorily
representative for design purposes because of the short period of
recofd. A tabulation of monthly runoff is given in table 24, The
average annual runoff for the 7 complete years of record (to 1946)
was 59, 100 acre-feet. '

LOWER KISSIMMEE BASIN

The lower basin comprises an area of approximately 1, 450 square
miles and may logically be considered in two distinct parts, The
greater pax"t includes Kissimmee River proper, which begins at
the outlet of Lake Kissimmee and flows through a nearly flat valley.
During low water stages the river follows a meandering clearly
defined channel, but at flood stages it inundates a marshy flood
plain several miles wide. The normal fall froin Lake Kissimmee
to Lake Okeechobee is 30 ft over a 98-mile stretch of the river
channel, Lakes and well-defined tributary channelsare few—lakes
cover only 15 to 20 square miles, or about 2 percent of the area.

The lessér part of the basin includes the western half of the
lower basin and drains an area of about 700 square miles by means
of Arbuckle Creek, Lake Istokpoga, and Istokpoga Canal (which
flows into Kissimmee River at a point 49 miles above Lake Okee-
chobee). OQutflow from Lake Istokpoga to Kissimmee River, most
of which originally passed through Istokpoga Creek, was facilitated
by the reclamation development that canalized and partially relo-
cated Istokpoga Creek. This partof the lower basin contains about
30 lakes having an aggregate area of about 100 square miles, or
about 14 percent of the area,

Runoff from Kissimmee River basin is measured at a gaging
station directly west of the town of Okeechobee, The drainage area,
3, 260 square miles, comprises over 98 percent of the entire basin,
Discharge records collected at this key location since January 1930
are tabulated by months in table 25 and are illusirated graphically
in figure 86, Both the minimum and maximum known discharge
occurred in 1928; the minimum was 206 cfs? on May 21 and the
maximum was 20, 000 cfs during August. The mean annual discharge
(over a 12-year period) was 1, 647 cfs, or the equivalent of 6,87
in, of water over the entire tributary areaof 3, 260 square miles,
or about 14 percent of the average annual rainfall, ‘A comparison
of this record with that for Kissimmee River below Lake Kissimmee
(the upper Kissimmee basin) indicates thatthe average volume dis-
charged by the upper basin was 58 percent of that for the entire
basin. The stage ranged between 16,4 and 29, 0 ft, a difference of
12.6 ft, :

" 3From discharge measurement made by Everglades Drainage District at point near mouth of,

viver, Minimum discharge since October 1930, when daily discharge computations were begun
by U, S. Geol. Survey, was 231 cfs on May 18, 1932,




Table 25,~— Runoff of Kissimmee River siear Okeechobee

[Drainage area 3,260 square miles]

Runoff {in 1,000 acre-ft) for indicated months

Year runoff, Percent
Jan, Feb. Mar, Apr, May Jume Juty Aug. Sept, Oct, Nov, Dec. 1,000 of 12-year
acre-ft mean

1930 102.8 90,0 100.7 152.4 183,17 536, 8 437,1| 28%.2 253.8 277.4 199.8 162.0 2,785.5 233.4
1931 174,89 153.6 1931.2 168, 5 145,4 99.4 78.3 70,2 76.5 72.0 61,2 53.6 1,344.8 1127
1932 45,8 34 .4 30,9 22,7 20,21 411 33,8 52,3 128, 2 77.8 66, 8 53.8 6119 51,3
1933 4.2 34,0 33,5 32.7 23.6 20.3 61,41 153.0 460.3 308.1 181.2 134, 2 1,486.5 124, 5
1934 . 101.3 8.9 77.4 7.6 79.5 236.0 442,41 318,5 249 .4 181.3 124.8 91.9 2,059.0 172,5
1935 72.9 52,1 43.4 34,2 26.5 18.7 28,4 32.2 76.8 184,5 103.3 82.9 755.7 63.3
1936 5.9 106, 2 80,1 123,86 93.2 99.8 108.2] 117.8 126,3 141, 3 127.0 i07.5 1,406.9 117.9
1937 90,0 4.8 7.7 83.0 66,5 58.3 61.8 58.9 62,2 143.8 157.4 216.6 1,151, 0 96,4
1938 132.1 95,6 83,9 59.5 41,4 45,3 65,1 94.9 72,8 83,4 79.9 61.8 915.5 6.7
1939 50,1 31,1 3e,1 24,1 23,1 19,0 62,6 121.5 216,3 193,6 142.7 1151 1,025,9 86.0
1940 98.17 86,1 90,3 89.0 68.8 62.0 85.6] - 109.6 161,31 163.2 92.3 74.9 1,181.6 99.¢
1941 32,0 96.5 95,7 109.9 117.3 87.4 7.0 209,0 145.2 182.9 173.5 147.4 1,633,8 136. 9
1942 174,85 144, 0 233.6 150. 8 119.8 155, 7 148,3| 137.0 127, 3 109,86 9.1 67.5 1,638.2 137.3
1943 55.3 41,9 46, 0 33.5 27.4 28.7 63.0 83.4 102, 3 188.5 102.5 85.0 857.5 71.8
1944 7i.4 54,4 45,1 58,1 32,6 31,9 37.7 58.6 73.6 83.0 103,86 98.3 755.3 63,3

11945 90,8 3.3 86,4 47,4 34,2 28.3 111,2| 197.9 366. 2 376. 7 260.5 203.0 1,855,7 155.5
1946 154.0 101.9 99.8 69,6 61,4 59,7 58,4 82.4. 122.5 133,4 106, 8 94,8 1,144 7 95.9
Mean

1935-46 96.5 80,3 91.0 73.6 -59.2 57.9 83,9 108.6 137.2 165.3 127.4 112.6 1,193.5 100
Percent
of :

annual . 8.1 6.7 7.8 6.2 5.0 4.9 7.0 9.1 11.5 13,9 10.7 9.4 100

Note, —Records from April 1928 to December 1930, by Ew
made about monthly,
published by U, §, Ge

erglades Drainage District,consisted of daily stage readings (not continuous) and discharge measurements

the latter began about December 1927 and included stage observations, Those from January 1931 to December 1937 were computed and

ol, Survey from field data by U. S, Geol, Survey and Okeechobee Flood Control District,
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Table 26,—Runoff from lower Kissimmee River basin

[Drainage arez 1,410 square miles]

Runoff (in 1, 000 acre-ft} for indicated months
e - e e
Jan, Feb. Mar, Apr, May Jume July Aug, Sept, Oct, Nov, Dec 1,00 0‘ 12-year
acre-ft mean
1930 7.8 35.2 49,0
1931 52,0 49,9 80,1 68.3 48.3 30,4 26,1 25,7 36,5 32.6 28.5 23,9 502.3 99,4
1932 18.7 12,7 11,0 8.3 10.2 36.6 21,9 34.3 99,7 49,1 40,2 30.0 372.7 3.7
1933 22.4 17.0 17,0 19.3 13.2 11,2 42,8 118.9 238,17 02,6 66,2 51,6 720,98 142, 6
1934 38.1 31.9 30,8 31,5 32,6 44,0] 15L.1 132.3 87.2 88.3 60,6 41,9 770.3 152.4
1935 31.5 20,4 14.4 10.2 7.5 5.9 14,2 7.6 52.7 138.4 57.4 41,6 411.8 81,5
1936 32,9 43,6 7.1 41,4 22.9 58,8 35.8 39.1 48,1 49,9 49,2 44,4 548, 2 108.4
1937 39.5 32.6 32.6 37.4 21.4 22.8 28.5 27.1 24.3 13,0 62,8} 108.2 510,2 100,9
1938 33,8 23.3 19.1 12,7 4,8 11.8 28.5 51.6 36.0 43,7 38.3 24,2 327.8 64.8
1939 17.8 11,8 7.3 8.0 8.9 5.1 30,4 66.5 109.4 70,4 48.8 41.0 425.4 84.2
1940 317.5 28.8 28,1 32,2 23.4 26.2 51,0 70,6 114.3 113,97 51,3 38,7 616.4 121.9
1941 52,5 52,7 41.4 30.6 317.8 25.8 99.5 104, 8 28.3 80.2 .7 40,7 664.8 131.5
1942 69,6 69.0 144, 0 68,8 42,3 92.6 63,7 55.9 58.7 48,9 3.8 26.7 771.6 152, 6
1943 18,8 12,4 18.7 11,0 7.8 12;8 44,8 55.6 60,6 132.0 51,1 37.7 463.9 81,8
1944 29.5 20.8 4.4 30.7 16.4 12,4 17.7 29.5 31,1 26.5 31.4 35.1 301.5 59.6
1945 30.8 23.6 20,2 8.0 2.1 2.4 55.5 116, 4 150,2 56,2 48.4] 1011 615.8 121.8
1946 80.7 43.7 39.7 20.5 21,8 23.9 22.4 20,0 36.6 4.4 32.0 32,86 408.3 80.8
Mean
3935-46 39,6 31.9 38,1 26,0 18.7 24,9 41,0 54,5 62.5 12,3 48,3 41,1 505.5 100
Percent
of 7.8 8.3 1.5 5.1 3.1 4.9 8.1 10.8 12,4 14,3 9.8 9.4 100
annugl

Not2e. —Values shown are differences between runoff for entire basin {station near Okeechobee, table 25)and thatfor upper basin (station below Lake Kisimmee,
table 22).
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Figure 86, - Graph of discharge of Kissimmee River near Okeechobee, 1925-46,

Runoff from the lower basin, which was taken separately, is
listed in table 26, which is a tabulation of the difference between
the runoff near Okeechobee and the runoff below Lake Kissimmee
(table 25 minus table 22). The mean annual runoff for 12 years of
record was 698 cfs, This figure shows that the yield of the lower
basin was about 74 percent of that from the upper basin, although
the lower basin comprises about 78 percent of the entire area,

FLOOD FREQUENCY

A determinationof the frequency of flood discharge at the gaging
station near Okeechobee was made by the same method used for

the station below lL.ake Kissimmee (see p, 305). The results are
suminarized below:

o

Average annual flood.....ceemsee 3, 380 cfs (16 years of record),
5-year recurrence interval.... 10,000 cfs '
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10-year recurrence interval,... 13, 400 cfs

15-year recurrence interval.... 15,000 cfs

20-year recurrence interval,,.. 18,700 cfs

Maximum flood KNOWn...iuseeess. 20, 000 cfs (August 1928, priorto
period of record),

ARBUCKLE CREEK

The discharge of Arbuckle Creek, with a drainage area of 390
square miles, was measured, starting in June 1939, at the high-
way bridge just upstream from Lake Istokpoga. The monthly run-
off is listed in table 27. A minimum discharge of 6. 3 cfs occurred
on June 21, 1945 and amaximum of 3, 560 ¢fs occurred on September
17, 1945, The average annual runoff for the 7 complete years of
record ending in 1946 was 202, 000 acre-ft. The stage ranged be-
tween 36. 4 and 44. 0 ft, a difference of 7,6 ft,

Arbuckle Creek is the principal tributary of Lake Istokpoga,
Prior to the canalization of Istokpoga Creek, the lake overflowed
along the southeast shore seasonally in much the same manner as
Lake Okeechobee overflowed to the southbefore the drainage pattern -
was changed by reclamation projects. The overflow from Lake
Istokpoga moved overland and by minor waterways to the southeast
into the area now known as the Harney Pond and Indian Prairie
Canal drainage areas, and it ultimately flowed into Lake Okeecho~
bee., This procedure now occurs only in exceptionally wet years,
and drainage is normally by way of Istokpoga Canal,

346881 O—55-——22



Table 27,-—Runoff of Arbuckle Creek near DeSoto City

4 ) [Drainage area 390 square miles, Unit, 1,000 acre-feet]

Year Jan, Feb, Mar, Apr, May June Juty Aug, Sept. Oct Nov, Dec, Annual

1939 18.8 32.8 2.2 43.5 18.4 9.2 ierecnninnes
1940 14,5 11,0 20.9 18,4 6.4 11,1 30.17 28,8 53,9 27.8 8.3 1.8 .

1941 17,0 16.6 13.6 22,2 13.6 12,4 55,9 27,1 21,8 19.8 17.5 12,2 248, 0
1942 18,8 16,0 27,2 14,3 8.7 23,2 23,8 16,3 16,6 14,0 5.1 4,9 188.9
1943 a.8 3.6 5.6 2.9 2.8 3.1 40,1 32,6 35,2 33,5 11,7 1.7 186, 8
1544 6,1 4.5 3.7 6.8 6.2 4,2 11,6 34,1 17.6 1.1 11,3 6.9 130,1
1945 1.8 5,2 3.4 i.6 .8 2.4 59,2 43.8 81,3 44,1 17,6 11,3 284.5
1946 9.9 5,9 5,2 3.4 2.8 4.1 8.9 1.7 26,17 25.1 12,9 8.1 130,7

cle
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ISTOEPOGA CANAL

The principal outlet of Lake Istokpoga is Istokpoga Canal. Its
discharge has been measured startingin March 1934 at the highway
bridge 1.5 miles upstream from Kissimmee River. The monthly
runoff from the 660-square-mile basin is shown in table 28. A
minimum discharge of 4, 2 cfs occurred on June 17, 1845, and a
maximum of 1, 640 cfs occurred on September 20, 1945. The aver-
age annual runoff for the 12 complete years of record ending in
1946 was 284,000 acre-ft,

The average annual runoff for the 7 years ending in 1946 was
296, 000 acre-ft, which compares with 202, 000 acre-ft from Ar-
buckle Creek for the same period. It is likely that some water
overflows the southeastern shore of Lake Istokpoga in periods of
high water and thus bypasses Istokpoga Canal, This is shown by
the greater runoff from Arbuckle Creek in 1945 than from Istokpoga
Canal, 284,500 and 267,900 acre-ft, respectively, Despite the
severe drought ending in the summer of 1945, the rainy season,
marked by the passage of a hurricane, apparently supplied enough

rainto cause the runoff of Arbuckle Creek in 1945 to be the greatest
of the 7 years of record.



‘Table 28,— Runoff of Istokpega Canal near Comwell

[Drainage area 660 square miles]

Runoff (in 1,000 acre-ft) for indicated months Annual runoff
Year Jan. Feb. Mar. Apr. May June | July Aug, Sept, Oct, Nov, Dec. 1, 000 Percent of
acre-ft 12-year
mezn.

1934 16.3 19,3 36.9] 40.4] 36.5 37.3]  30.2 22,9 18,1
1935 15,0 12,0 9.3 7.3 4.8 3.0 6.3 8.9 23,7 46.4 42,0 316 210.3 74.1
1936 29.2 34.4 49.2 40,9 29.4 28.3 36.6| 381 35.4] 49.8 41,3 34,2 446.8 157, 4
1937 26.2 21.9 23,5 24,1 19,4 17.4 19,0 18,5 17.9] 210 25,5 36.9 271,3 95.6
1938 26,3 18.7 15.0 T.4 3.3 5.0 10,5 21.9 17.8| 19,6 20.4 16,9 182.8 64,4
1939 13,0 8.7 8.1 3.8 3.5 3.0 10.2 17,1 38.8] 48.0 39,2 31.0 2994 784
1940 27.4 23.8 23.5 24,2 17,8 16,3 24.2| 38.1 53.3] 53.5 a7.8 28,7 368.4 129.8
1941 31.1 29.0 29,2 27.8| 26.0 21.6 37.2| 5067 40.7] 37.2 34,6 31,5 396, 6 139,17
1949 33,1 29.5 42,6 34.3] 282 35,5 39,4 | 38.0 33.7| 32.5 22,2 16,3 385.3 135.8
1943 12.8 10.6 10.8 7.1 5.1 7.2 15,2 28.2 38.5] 56.0 40,4 32.8 264, 8 93,3
1944 24.1 16.6 12,9 14.2 8.1 5.7 7.1 18.0 23.0| 19.4 20.6 17.2 188.9 66.6
1945 14,2 10.0 6.9 2.4 .9 i 14.8] 294 57.8| 56.3 46,8 33,5 267.9 94.4
1948 28.9 21.5 18.4 11.4 8.0 9.5 8.6 15.2 18.4f 22.5 21,1 17.5 202.0 712
Mean,

1935-16 23.4 19.7 20.9 17.1 12.9 12.8 13,1 26.8 33.2] 385 32.2 27.3 283,38 100

Percent of
annual 8.2 6.9 7.3 6.0 4.5 4.5 6.7 9.5 1.7} 13.6 11,3 9.6 100

Note, —-Records of daily discharge from March 1934 to December 1937 computed and published by U, S. Geol. Survey from field data by U. 8. Geol, Survey and

Okeechobee Flood Control District.
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FISHEATING CREFK

Fisheating Creek drains a basinof about 400 square miles. The
headwaters adjoin Peace Creek basinon the westand are separated
from Kissimmee River basin by the higher lake region on the north
and east, Along its upper course the creek flows from north to
south with an average gradient of about } ft per mile, generally
through cypress swamp. The low-water channel meanders, and
at high stages the water overflows the swamp areas. Runoff is
sluggish because of the large amount of natural storage in the basin,
During droughts there is little or no flow in the creek; this is prob-
ably due to high evapotranspiration rates and lack of sustained
ground-water inflow, The only sizable tributary heads in the low

- plateau southwest of Lake Childs,

Inits lower course Fisheating Creek flows inaneasterly direction
for about 20 miles and enters Lake Okeechobee on the western shore
at the settlement of Lakeport, The lower part of the basin slopes
generally to the lake, rather than to the creek, thus making drain-
age boundaries indeterminate. Natural drainage features were
changed somewhat in 1932 by construction.of a levee roughly parallel
with, and a few miles south of, the lower reaches of the creek.
This levee is a part of the main levee system of the lake.

Runoff from the upper 305 square miles of the drainage area of
Fisheating Creek was measured at the gaging station at Palmdale,
Records collected since April 1931 show a period of no flow in
nearly every year, usually in the spring; this period lasted nearly
5 months in 1935.- The maximum discharge observed was 8, 980
cfs on September 17, 1945, and the average rate of runoff during
the period of record was 227 cfs or about 450 acre-ft per day. A
tabulation of monthly and annual runoff for this station is given in
table 29. Thé average yearly runoff for 12 years of record, 1936—
46, was 168, 900 acre-ft and the stage ranged between 27.1 and 36. 4
ft, a difference of 9,3 fit,
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“Fable 29,— Runoff of Fisheating Creek at Palmdale

[bminage area 305 square miles]
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MINOR TRIBUTARIES

Numerous small streams on the northeast and northwest shores
of Lake Qkeechobee discharge into the lake mainly through culverts
in the hurricane levee, To facilitate drainage of adjacent areas
under cultivation many of the streams were deepened (especially
along the lower reaches), and some were interconnected by drain-
age ditches. In areas where no natural channels exist, drainage
canals were excavated and passed through the levee by means of
culverts, The culverts are équipped with check gates te prevent
water from passing out of the lake into the leveed areas during
hurricanes and other periods of high stage.

Runoff from eachof the basins is relatively small, but the com-
bined total runoff contributes a substantial amount of water to the
lake. Estimates based on periodic measurements by the Corps of
Engineers show that the runoff from these small basins for the 7-
year period ending December 31, 1946, was approximately one-
third of the amount contributed by Kissimmee River. Estimates of
their combined discharge are given for this period by months in
table 62.

Indian Prairie Canal, Harney Pond Canal, and Taylor Creek are
sizable secondary tributaries to Lake Okeechobee.

INDIAN PRAIRIE CANAL

Indian Prairie Canal enters Lake Qkeechobee from the northwest;
it is about 20 miles long and drains .the gently sloping prairie as
far as Lake Istokpoga. The drainage area is indeterminate. In
periods of exceptionally high water, overflow from Lake Istokpoga
enters the upper part of the basin. The efficiency of the canal has
been reduced considerably by the formation of sand bars at the
mouths of lateral canals,

Stage and. discharge records have been collected at the gaging
station at Highway No. 78, close to Lake Okeechobee, since June
1939, A period of no flow was observed nearly every year, and
during some years the .period lasted as long as 6 months. The
maximum discharge during the period of record was 1, 540 cfs on
September 16, 1945, The monthly and yearly runoffs listed in table
30 show that the average annual runoff for the 7 consecutive years
of record, 1940-46, was 74, 000 acre-ft. The severity of the 1943—
45 drought is indicated by the runoff of 7, 200 acre-ft in 1944, less
than 10 percent of the average annual runoff.

Stage at the gaging station ranged between 12.1 and 18.0 ft, a
difference of 5.9 ft. When runoff is small, or zero, the stage is
essentially the same as that of Lake Okeechobee., No levee exists
along the northwest shore of the lake, and the canal is subject to
varying degrees of backwater, depending uponthe amount of runoff,
the stage of the lake, and wind effect.



Table 30.-— Runoff of Indian Prairie Canal near Okeeciiohee

{Drainage area indeterminate, Unit, 1,000 acre-feet]

Year Jan. Feb. Mar. Apr. May Jume’ July Aug. Sept. Oct, Hov. Dec. Armnual
1931 12.7 3.0 0.9 1,1 2.4 1.0 0.3 0.3 |eerercrtravanes
19332 0,3 0,1 0.2 0.1 2.2 4.9 3.0 7.8 38.5 5.5 L9 .6 4.8
1933 .4 ,
1939 5.8 21,0 16,9 7.6 .7 LI PP
1940 .2 .8 1,8 .1 [ 0 0 0 24,2 10.9 L5 .8 .3
1941 11,8 8.3 .1 5.5 1.3 1.3 33.8 6.3 8.4 9.4 7.4 1.6 101.3
- 1942 13.3 8.9 18,3 3.8 .1 26.3 7.4 5.4 10.4 2,0 .2 .8 97,8
1943 0 .2 .6 .1 .8 ) 2.7 12.3 24.4 27.7 4.0 .5 80,7
1944 0 0 0 0 0 1] 0 0 3.0 2,8 1.2 .2 7.2
1945 ] 0 0 b 0 ¢ 6.6 7.8 37.3 72.2 26.4 4,4 1547
1946 3.7 1.5 1.7 o W1 2.2 8.2 §.7 3.8 2.7 2,6 .3 34,1
. Note.—Data from May 1931 to Jancary 1933 are for station near Lakeport and were computed and published by ¥, S. Geol, Survey from field data by Okeechobee

Flood Control District,
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HARMEY POND CANAL

Harney Pond Canal islocated 6 miles southwest of Indian Prairie
Canal and roughly parallel to it, This waterway is nearly 20 miles
long, and it drains the prairie as far as Lake Istokpoga. A large
sand bar at its mouth on the west shore of L.ake Okeechobee restricts
its flow to a considerable degree, No regular records were kept
on Harney Pond Canal and its runoff is included in the “north-shore
creeks, etc” in table 62, Although it is smaller in cross section
than Indian Prairie Canal (and therefore of smaller capacity) the
flow characteristics are probably much the same, The drainage
basin merges with adjoining basins and its area is indeterminate.

TAYLOR CREEK

Taylor Creek flows into L.ake Okeechobee at the northern shore
at a point about 4 miles south of the town of Okeechobee; it drains
a basin having an area of less than 200 square miles. The upper
courses of the stream pass through swampland with adjacent areas
of sandy pine prairie at elevations of 40 to 50 ft above mean sea
level, This basin, like that of Fisheating Creek, has a low gradient
and a slow runoff; during dry periods the runoff ceases. The channel
was dredged for navigationfrom the mouth of the stream to the town
of Qkeechobee, The channel passes through a hurricane gate at
the lake (HGS-6), and the gate is kept open at all times, except
during open hurricanes and accompanying high lake stages, when
it is closed to protect the developed areas in the basin.

Daily runoff from the upper 109 square miles of the basin was
measured at a gaging station at the town of Okeechobee during the
period December 1931 to September 1933, This short record does
not permit satisfactory evaluation of runoff characteristics, but it
does indicate that flow ceases during droughts. The monthly runoff
for the period of record is shown in table 31,



Table 31.— Rumoff of Taylor Creek at Okeechobee

[Drainage area 109 square miles. Unit, 1,000 acre-feet]

Year Jan, Feb. Mar, Apr. May June July Aug, Sept, Oct, Nov, Dec. Annual
1932 0.1 0.1 0 0 0,1 19.8 1.4 2.2 12,6 2.0 2.4 0.3 41,0
1933 ¢ ¢ 0 1.4 .3 . 5.2 25.2 30.0

Note, —Records consist of daily discharge computed and published by U, S. Geol. Survey from field data by Okeechobee Flood Control District.
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LAKE OKEECHOBEE AND PRINCIPAL OUTFLOW CANALS

. PHYSICAL FEATURES

The function of Lake Qkeechobee in the drainage system of south-
eastern Florida is that of a balancing reservoir, which receives
the natural runoff from the contributing bagins to the north and
northwest, and which, within the limits of safe storage capacity,
retains a portion of this water, Thelake is alsoused as a disposal
reservoir for natural and artificial drainage of excess storm water
from the agricultural lands to the south and east. The same canal
network and water-control system generally serves for both irri-
gation and drainage of these lands.

The lake, which is roughly trapezoidal in shape, has anarea, de-
pending on the stage, of 650 to 725 square miles. It is the second
largest fresh-water lake lying entirely within the Umted States .
(L.ake Michigan is the largest). At a stage of 13,5 ft* thé depth
over large areas of the lake is 10 to 14 ft, and the deepest part
exceeds 15 ft. The bottom of the lake slopes gently from shore-
line to deep water especially along the south and west sides,
causing great areal variationwith change in stage. At low stages,
Observation Shoal (an extensive shallow area near Moore Haven)
becomes a large grassy island that reallyis a part of Observation
Island. The landsbordering the northern half of the lake rise from
the shoreline at a gradient of about 1 to 3 ft per mile. Most of the.
lower, and more nearly level, lands south of the lake are about 15
ft above mean sea level and slope gradually to the coast.

Although Lake Okeechobee is comparatively shallow, it stores
a considerable quantity of water because of its large surface area,
Figure 87 illustrates graphically the relationship of lake area and
capacity with stage, plotted from data furnished by the Corps of
Engineers. A lake elevation of 8.0 ft (9.4 ft Okeechobee datum)
was chosen as an arbitrary limit for minimum lake depth (the
minimum desirable operating stage is 12,6 ft) and storage below
8.0 ft was not includedin the capacity computation, At an ordinary
lake stage of 14,0 ft (15, 4 ft, Okeechobee datum) the total capacity
above the 8,0 ft elevation is about 2, 2 million acre-ft.

LAKFE-REGULATION PROGRAM

Man's development of the Lake Okeechobee region has not greatly
affected the characteristics of natural inflow, except for some
changes in the regimen of discharge in Kissimmee River caused
by canalization of streams connectinglakes in its headwater basins,
Levees constructed around the south shore of.the.lake for flood
control and reclamation, however, have interrupted the natural

*an stages and elevations refer to mean sea level datum unless otherwise stated.
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outflow of water over the Everglades to the south and east during
high lake stages. The outflow is now controlled and discharged
from the lake into the Atlantic Oceanand the Gulf of Mexico by way
.of the St. Lucie and the Caloosahatchee Canals, respectively, in
the present program of lake regulation by the Corps of Engineers.
The stage of the lake is controlled to provide benefits to agricultural
activities through water-control operations, to furnish protection
to residents and property fromhurricane wind tides, and to provide
adequate depth for navigation in the channels in the lake and in the
St. Lucie and Caloosahatchee Canals.

The objective of the present control program is to maintainlake
elevations between the narrowlimitsof 12.6and 15.6 ft (14.0 and
17.0 ft, Okeechobee datum). The difficulties of accurately fore-
casting the amounts of inflow, as well as to forecast the relatively
long period of time required to lower the lake through outflow
channels, make the procedure difficult and intricate. An especially
-eritical period exists late each summer, near the end of the rainy
season, when the lake must be lowered sufficiently to provide for
recharge and for protection during hurricanes, but at the same
time, sufficient water must be retained in the lake to provide for
all activities through the following normally dry winter and spring
months, The magnitude of the problem may be realized by noting
that the storage represented by the working range of stage (12.6
to 15.6 ft) is about 1,25 million acre-ft.. The two outlet canals,
disregarding all other facters, would take about 55 days at the
maximum obgerved rates to discharge that volume of water.

' Figure 88 shows graphically the variations in the stage of Lake
Okeechobee since records were begun in 1915, and it shows the
gsources of the records from which these stages are plotted.
According to Herr (1937) and Schrontz (about 1936) the natural
drainage characteristics of the lake were essentially unchanged
during the first few years of this record, because the drainage
works were incomplete and their influence was small. Above
a stage of about 14.6 ft the lake overflowed the low shoreline
“hetween Bacom Point and a point some distance east of Clew~-
iston” (Herr, 1937) into the Everglades to the south; overflow
also occurred- along the shoreline near Moore Haven into Lake
Hicpochee and the headwaters of Caloosahatchee River.

During 1921 the construction of low muck levees was begun on
the south and east sides of the lake to protect agricultural lands
developed during the several comparatively dry years prior to
1920, when stages remained relatively low. By 1926 these levees
were continuous along the south shores, from a point near Pahokee
to about 8 miles north of Moore Haven, withcrestelevations varying
from about 20 to 24 ft. The realization of the need for an outflow
capacity greater than that provided by the early Everglades drain-
age canals and the Caloosahatchee Canal ledto the construction of
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Figure 88, —Graph showing stages of Lake Okeechobee, 1915446,

the St, Lucie Canal, Although work was begun in 1916, water was
not passed through the St. Lucie Canal until 1924, By 1926 the flow
reached 70 percent of the planned capacity, and in 1928 fu11~capac1ty
operation was achieved (Schrontz, about 1936),

Hurricane winds and rains caused the high stages in 1926 and
1928, The great destruction and loss of life accompanying the
hurricanes brought a keen realization of the inadequacy of the exist-
inglevee and the catastrophe was largely responsible for the more
adequate present levee system, which was constructed by the Corps
of Engineers from 1932 to 1938, Herr (1943) describes this levee
in detail, stating in part: “The total length of the levee is 85 miles
and it forms a high rugged shore on the north, southeast, south,
and southwest shores of the lake, The bottom width isfrom 125 to
150 feet and the top width from 10 to 30 feet, The top elevation



Figure 89, — Protective levee around LakeOkeechobee, Section of hurricane levee near Pahokee. Aportion of the lake is in the left background; the far shore is never
visible from the top of the levee, Photo by Corps of Engineers,
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Figure 30, —Hurricane gate no. 6, located a2t the mouth of Taylor Creek near Okeechobee, The sector gates pivot at the near corners and can be swung together to
close the 50-ft opening when 2 storm threatens, Operating, weather, and radic eguipment are housed in the hurricane -proof shelters, Photo by Corps of Engineers,
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varies from 34 to 38 feet above sea level or from 18 to 22 feet
above the usual lake level, The levee effectively prevents the over-
flow of water from the lake along its locationunder any conceivable
conditions, including hurricane tides.” (See fig. 89.)

Six major structures were built in the levee to provide control
facilities at the ends of waterways connecting with the lake. At
Moore Haven a combined hurricane gate, spillway, and navigation
lock was constructed (HGS-1) at the head of Caloosahatchee Canal.
Otherhurricane gates (occasionally used as controls at times other
than during hurricane periods) were built at the following points;
HGS5-2, Industrial Canal, at Clewiston; HGS-3, Miami Canal, at
Lake Harbor; HGS-4, Hillsboro and North New River Canals, at
Chosen;'HGS-S, West Palm Beach Canal, at Canal Point; and HGS-6,
Taylor Creek, at Okeechobee, The gates are manned and closed
when a hurricane threatens, and the proteétive levee stands as a
bulwark between the land and the lake, Figure 90 (an aerial view
of one of the hurricane gates) gives an indication of the large size
of these works.

Figure 88 shows that until 1932 the stage of Lake Qkeechobee
ranged rather widely. The extreme low, in 1932, was caused by
the lake level being purposely brought down to facilitate construction
of the protective levee, After 1933, lake levels were controlled
for 10 years. The drought, starting in 1943, cdused successively
lower stages, which culminated in the 11, 3-ft stage of June 1945;
this drought period was followed by a period of considerable re-
charge, It was determined that during periods of extended drought
or heavy rainfall control of the lake between the desired limits was
not entirely possible, However, control of Lake Okeechobee proved
to be feasible most of the time, and farming inthe muck lands was
greatly facilitated, \

CALOOSARATCHEE CANAL

Caloosahatchee Canal carries controlled amounts of water from
Lake Okeechobee to Caloosahatchee River which empties into the
Guif of Mexico. This watérway serves in controlling the stage of
Lake QOkeechobee, in providing navigation between the gulf and the
lake (a portionof the cross-state waterwaybetween Stuart and Fort
Myers), and in providing water control to the areas adjacent to the
canal and the upper reaches of the river,

The head of the canal is at Moore Haven, on the southwest shore
of Liake Okeechobee, where lake water is released through acom-
bined hurricane gate and navigation lock (HGS-1), The canal follows
a southwesterly course for about 5 miles through a nearly level

346881 O—55—_-23
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overflow basin into Lake Hicpochee, which is a shallow natural
body of water about 4 miles long (east-west direction) and 24 miles
wide. Caloosahatchee Canal passes through Lake Hicpochee and
then continues in a westerly directior through a gently sloping
natural basin to connect with Caloosahatchee River, which is
canalizedin its upper reaches, At Ortona, 15 miles by canal from
Moore Haven, a second navigation lock aids in controlling water
levels on adjacent lands upstream. The remaining 55 miles of
waterway is canalized in the upper reaches, and channeéls are
dredged inthe comparatively wide lower reaches. The mean range
of tide is 0.7 ft (U. 5. Coast and Geodetic Survey, 1947, p. 304)
at Fort Myers, about 15 miles' above the mouth, and tidal fluctu-
ations extend as far upstream as the Ortona Lock during periods
of low water. Below Ortona, several canals and natural tributaries
drain the lands to the north and south.

Prior to development, some o6f the natural overflowfrom Lake
Okeechobee probably passed slowly overland along the approximate
route of the canal into Caloosahatchee River., Improvement of this
natural flood channel to facilitate navigation began at a compara-.
tively early date,.as Dovell (1942, p, 139) states:

“In late 1881 the Disston Company began operations w1th the
employment of several engineers, J, M. Kreamer, R. E. Rose,
and others, who set about constructing dredges tobe usedin draining
lands in south Florida. Rose, later.state chemistfor many years,
built the first dredge at Cedar Keys and assembled it at Fort Myers,
The dredge required three months to reach old Ft., Thompson on
the Caloosahatchee, due to trees in the river. The dredge worked
from July 1882 until January 1883 cutting a canal to Lake Okee-
chobee., Disstonandaparty of his associates made the first steam-
boat trip from Fort Myers to Kissimmee City in February 1883, "

It is apparent, however, that Caloosahatchee Canal had little
effect upon the controlof Lake Okeechobee until around 1936, after
aperiodof gradual improvementbeginning about 1809, The primary
importance of Caloosahatchee Canal to the water resources of
southeastern Florida arises from its relationship to the stage and
control of Lake Okeechobee, Records of discharge of the canal
were collected at a gaging station at Citrus Center during 1934-36
and at Moore Haven since 1938 and are summarized in table 32.
The maximum daily mean discharge recorded was 5, 390 cfs on
July 8, 1942. Periods of several months of no flow, except for the
negligible amount of water released to passboats through the locks,
are common during the normally dry winter and spring months.

The runoff in 1941 was 130 times as great as that-in 1944——this
is an unusual range for annual runoff, and it illustrates how flow
in Caloosahatchee Canal is directly associated with control of Lake
Qkeechobee. The average annual runoff for the period 1939—46 was



Table 32.-— Reunoff of Caloosahatchee Canal

[Unit, 1, 00u acre-feet]

Year Jan, Feb, Mar, Apr, May June July Aug. Sept. Oet. Nov, Dec, Annual
1934 24.3 47,4 28.4 317.3 39.4 az,1 17,4 ToBfesesrcssionsan
1935 8.3 11,0 6,1 8.3 11,4 8.2 8.0 14,8 64,1 34,7 19,7 12,3} . 207.5
1936 5.5 9.2 2.8 3.8 6.8 54.1 79.9 54,1 33,3

1937

1938 - 9 0 0 0 0 0 lecossrensseess
1939 0 4.5 12,1 0 14 0 0 0 106, 6 130.9 60,3 0 14, 4
1940 0 . 0 1.5 106.3 56,1 98.8 11,2 0 53.0 182.2 0 i8 526.9
1941 711 212.1 173.3 144,3 185,1 3.6 102.6 131.4 82.6 163.0 150.5 0 1,430.2
1942 54,0 56,4 234.3 150, 7 205.2 151.5 138.1 1.9 0 4.0 0 0 936, 1
1943 .8 2.3 2.0 2.1 4.4 1.2 0 0 Q & 2.1 g 14,9
1944 0 3.8 2.3 0 2.1 .8 0 0 0 0 0 2,0 1.9
1945 1,8 5.1 2.5 4,3 2.3 0 0 0 40.9 248.9 118.8 69.8 4942
1946 59.5 i15.2 58.8 2,3 91.3 0 23.0 49,0 45,5 17,0 0 467,68

Wote, ~-Data from May 1934 to September 1936 for station at Citrus Center; those from July 1938 to December 1946 for station at Moore Haven. No data from
October 1938 to June 1938, Program of improvement beginning October 1336 increased capacity of channel.
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532,000 acre-ft, which is equivalent to 1, 2 ft of lake storage at a
stage of about 15 ft,

When no water is released from the lake, conditions in the reach
between Moore Haven and Ortona become almost pool-like, but in
periods of large lake discharge, the difference in water elevations
in that reach may be as much as 6 ft, At Moore Haven, where the
elevation of the ground is 14 to 15 ft, the lowest stage in the canal
in the period 1939-46 was about 5.8 ft, and the highest stage was
14, 8 ft,

8. LUCIE CANAL

St. Lucie Canal, an important waterway in the drainage system
of southernFlorida, is the major channel used for control of water
levels in Lake Okeechobee. The canal heads on the east shore of
the lake and flows generally northeastward for about 40 miles to
the Atlantic Qcean. The upper reaches constitute a true canal but
the lower channel follows the canalized courses of South Fork St.
Lucie River, which flows in a northerly directionfor séveral miles
toits confluence with St, Lucie River at Stuart, then it flows south-
eastward to St, Lucie Inlet and the Atlantic Qcean, This canal
serves also as the eastern link in the cross-state navigation canal
between Fort Meyers and Stuart.

The canal proper was dug across a relatively high (maximum
altitude about 30 ft) sandy ridge. The banks are high and are not
subject to overflow. The lands along the eastern, natural reaches
are lower and are marshy in some areag, notably where Loxahatchee
Marsh connects from the south. Some water is pumped from the
channel in the upper reaches to-irrigate farms and groves, but the
amounts so diverted are smallin comparison with the total flow and
quantities available as channel storage (in 1949), The lands adjacent
to the canal also contribute large quantities of runoff throughnu-
merous channels during, and after, rainy periods.

The discharge from Lake Okeechobee through St. Lucie Canal is
completely controlled at the lock and dam about 25 miles down-
stream from the lake. The lock and dam, which was opened .to
traffic in March 1941, replaces two similar, older structures, one
at the same site andone close to the lake. During periods of"little
or no flow, stages above the lock are essentially the same as those
in the lake, but during periods of heavy flow, slopes of as much as
0.3 ft per mile occur. Water levels downstream from the lock are
scarcely above mean sea level, and tidal fluctuations are normally
present over the entire lower reach.. St. Lucie Canal began to con-
tribute effectively to lake-level control in October 1926 (Elliott,
1927), although construction began early in 18186,



Table 33.-— Runoff of St. Lucie Canal at Lake Okeechobee

Runoff {in 1,000 acre-ft) for indicated months Annual runoff
Year Jan, Feb, Mar, - Aprj | May June Faly Aug. Sept, Oct. Nov. Dec. 1,000 Péercent of
acre-fr ety

1931 268,7F 275.1 235,01 213.5 191.6 168.9 164.5 23.6
31932 ; 10,8 31.8 63,8 73,4 i2,4 55,7 72.9 88.0
1933 64,0 33.8 21.5 25.8 31.2 34,0 52,0 1470 234, 5 276, 8 216,5 83.9 1,227.0 147.4
1334 31,3 23.4 18.5 21,2 25.3 231,9] 243.1 257,0 251,32 228,38 11.% 17,9 1,361.3 163.5
1535 7.5 23.6 2,8 5.7 14,2 7.0 9.4 10,9 49,4 212,68 154,2 15,8 518.9 62.4
1938 9.9 134.3 276,38y 255.1}| 2113 166.0] -284.6 285,3 251.1 279.6 83.6 15.5 2,252,686 270,5
1937 14,6 30,0 ‘28,1 32,5 4 15,8 59,0 130.7 155.2 67,9 53.5 278.9 887.9 106.6
1938 158, 9 18.8 15,7 21,0 18.8 16.1 24.1 11,1 25.0 8.0 12,2 9.5 339.8 40,8
1939 19.2 18.1 19,5 17.6 8.5 6.6 io,6 15,9 42,8 160.6 81.1 13,7 418.8 50,3
1940 22,6 35.1 55,5] 221.7 7.9 102.4 37.0 17.8 167, 9 191.2 40,3 35.1 1,004.5 120.8
1941 52,3 160, 9 115.6] 146,11} 200.8 5.9} 108.8 213,65 164,46 156,0 154, 8 41,5 1.526,1 .
1942 25.8 59.7 227.1] 262,2] 1i53.1 179,11 227.8 168.8 65,6 34,9 15,4 24,1 1,384.2 166, 2
1943 22.8 S.7F 13.5 14,8 1i.6 15,9 10,19 10,4 12.1 14,0 22, 4 14,3 174, 8 21,0
1544 15,6 17.4 17.3 14.8 20.9 4.5 17.4 14,1 17.4 11.8 1L 5 4.3 186.6 22,4
1345 13.0 9.6 16.5 16,8 18,0 24.2 14.5 16,1 90,2 340,86 255,46 15.4 830.5 99,7
1948 31.4 15,1 129.4 86,9 16.6 17.6 7.8 1.8 9.8 124.2 0.4 15.2 486, 3 56,0
Mean ’

1935-~46 32,8 44 .4 1.0 86.3 63.8 47,8 67.7 75,7 81.6 133.4 15.1 41,3 832,17 100

Percent
of

annaal 3.9 5.3 8.2 10.4 7.7 5.7 8,1 8.1 10.5 16,0 9.0 5.0 160

Note, ——Data from April 1931 tc December 1937 compnted and published by U. S. Geol. Swvey from field data by U. S, Geol. Survey and Okeechobee Flood

Control District, No records from December 1931 to April 1932,
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Records of the discharge of 5t. Lucie Canal nearits head at Lake
Okeechobee have been collected since 1931 and are summarized in
table 33, During the period 1931—46, the flow ranged between a
maximum daily mean rate of 6,120 cfs on October 25, 26, 1945, to
‘periods of no flow for several weeks, except for the negligible
amount of water required for passing boats.through the locks.
These periods of slack flow occurred usually during winter and
spring, when water was being conservedin the lake, When the canal
was not discharging, wind effect on the lake sometimes caused
short periods of small reverse flow; however, these periods had
no appreciable effect on the daily flow records,

The maximum annual runoff in the period of record was 13 times
as greatas the minimum,. This ratio is muchless than. the similar
ratio for Caloosahatchee Canal (page 328), which indicates that
St. Lucie Canal was used more regularly for controlling the stage
of Lake Okeechobee. The procedure was for St. Lucie Canal to be
used for the main control outlet while Caloosahatchee Canal was to
be used in periods when greater discharge was desired, or, occa-
sionally, to provide irrigation supplies. to the upper and middle
reaches, The average annual runoff of St, Lucie Canal for the
193546 reference period was 832, 700 acre~ft, which is equivalent
to 1, 8 ft of lake storage at a stage of about 15 ft,

A comparison of the records of discharge of St, Lucie and
Caloosahatchee Canals shows that although St, Lucie Canal had a
slightly smaller recorded maximum daily mean discharge, its total
outflow was considerably greater. During the 8 years ending in
1946, St. Lucie Canal discharged 41 percent more water than
Caloosahatchee Canal (see tables 32 and 33),

THE EVERGLADES AND THE ATLANTIC COASTAL RIDGE
GENEERAL DERAINAGE FEATURES

EVERGL ADES HYDROLOGIC UNIT

Prior to development in that part of the Everglades bordering
Lake Okeechobee, water from the lake overflowed the south shores
in periods of higher stages andfanned out overland in the southern
quadrant of the horizon. The first overflow probably occurred in
two places, at a stage of about 15 ft, with part of the water moving
west into the headwaters of the Caloosahatchee River and part
drifting south in the Everglades proper, Overflow of the south shore
became general at stages of 17 to 18 ft, and sizable volumes of water
moved slowly in flat, broad sloughs toward tidewater, The largest
slough (known as the Everglades) extends as a grassy marsh, 35 to
50 miles wide, from the south and southeast shores of the lake to
the end of the Florida peninsula, 100 miles to the south (see the
more detailed description under Geomorphology).
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Two principal branches of the Everglades, Hungryland Slough
and Loxahatchee Marsh, extend northeastward toward the coast at
Jupiter (see pl. 12). These sloughs probably once operated as
floodways, but drainage developments have reduced their principal
function to local drainage. Numerous small transverse {(northwest~
southeast) sloughs or glades dissect the coastal ridge from Pompano
to Homestead and connect the Everglades with the tidal estuaries
along the coast, Except in periods of exceptionally high water,
these handle principally local drainage. The Everglades also re-
ceives runoff from the higher areas of mineral soils on the east and
west, particularly from the west, Plate 12 illustrates the directions
of surficial drainage in the area,

Inits natural state, only a minor; partof the rainfall and the over-
flow from Lake Okeechobee left the Everglades as surface drain-
age. Overland flow was extremely slow, because land slopes gen-
erally averaged about 0.2 ft per mile, and interconnecting natural
drainage channels were extremely shallow and were choked with
vegetation. During and after the rainy season, water stood at
varying depths over the surface of the organic soils. These con-
ditions naturally led to large losses through evaporation and tran-
spiration. Data on p. 570 show that, because of the present stage
of development and the existing network of canals, the runoff
amounts to only about one-fifth of the rainfall on the area.

Extensive reclamation activities in the Everglades during the
period 1905 to 1927 included the excavation of more than 400 miles
of arterial canals, which were equipped with control structures for
the primary purpose of draining adjacent lands for agricultural
development, Little additional excavation was accomplished sub-
sequent to 1927, These arterial canals consist, in part, of four
principal channels, whichheadonthe southeast shore of Lake Okee-
chobee and flow generally southeastward to the Atlantic Ocean,
(See pl. 14.) Another major canal flows eastward and westward
across the State from the interior and drains an. area west of
Miami. The other arterial canals are comparatively short; they
flow generally to the east and drain principally coastal areas.
Excavationof these canals was startedfrom the coastal ends; hence
it is logical that the lower reaches generally follow the channels of
short coastal streams, which were outlets for the narrow sloughs
connecting with the Everglades.

The major canals in the Everglades were consgtructed by the Ever-
glades Drainage District, a political subdivision of the State of
Florida that was established in 1905 (Dovell, 1942, p. 132-161).
The boundaries enclose about 7, 500 square miles, which comprises
most of the Everglades, an extensive area of sand on the west,
much of the sand and rock coastal ridge, and Lake QOkeechobee.
The primary purpose of the Everglades Drainage District was to
provide principal drainage ways for the reclamation of a vast area
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of organic soils, all of which was believed to be suited to agri-
culture, The four large canals dug from Lake Qkeechobee to the
east coast of Florida were West Palm.Beach Canal, Hillsboro
Canal, North New River Canal and Miami Canal (see pl, 1). These
radiate from the southeast shores of the lake and cut across a wild
section of fresh-water marsh, Because of economic difficulties
the canals were never completed as originally designedand are in-
adequate for the flood load imposed on them. In local areas, where
more intensive drainage was desired, provision was made for land-
owners to establish drainage subdistricts. Pumping facilities for
water control were usually installed in the subdistricts and more
stable conditions for farming were achieved,

The characteristics of runoff from the Everglades at the present
time are greatly changed from the original conditions. The land
along the shore of Lake Okeechobee has subsided several feet as
a result of the reduction in soil volume since drainage operations
were started. Thus, at the same stages, the lake now stands much
higher with respect to the land and, for extended periods, is above
the land surface, The lake is separated from the farm areas by
the hurricane levee, and overflow no longer occurs along these
shores. However, the relationship of lake level to land level is
important to the water control of the area, and, as the land sub-
sides, the problems become more acute,

When the lake rises to the stage that gravity discharge is no
longer possible from the major drainage canals to the lake, the
hurricane gates in the main levee between Lake Harbor and Canal
Point are closed to prevent flow from the lake. Under such high-
water conditions, Kissimmee River basin and Lake Okeechobee
and its other tributaries are cut off from the Everglades area, and
no significant water movement between the two principal basins
occurs, The possible seepage through, and beneath, the hurricane
levee has not been completely evaluated, but it is believed to be
small. The Caloosahatchee Canal area is effectively separated
from the Everglades proper by pumped drainage districts, and
St. Lucie Canal is contained between high banks at all stages.
Therefore, under moderate- to high-water conditions, all waters
south of Lake Okeechobee originate within the Everglades area and
consideration must be given to this fact in the future development
of southern Florida.

The flow of water out of the Everglades after a heavy rainfall is
now largely through the canal system, and it is relatively rapid,
compared with predevelopment conditions, It follows that the total
runoff is greater, because water now stands on the surface of the
glades for shorter periods of time, thus furnishingless opportunity
for evaporation. Overlandflow {o the south still occurs seasonally,
but it is considerably less in total volume than that of the several
canals. A knowledge of the drainage characteristics of the canals
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is of primary importance to the water problems-——not only to those
of the Everglades but also tothose of the populous and extensively
developed Atlantic Coastal Ridge to the east. Each of the canalsis
discussedin a generalnorth tosouth order insucceeding sections.

WATER CONTROL FACILITIES

In the developed area of organic soils south and southeast of
Lake Okeechobee, the water in the canals may flow either from,
or toward, the lake. The direction of flow in the major canals
depends upon the stage of the lake and the amount of water pimiped
into the canals, Some diked areas, favorably located close to the
lake, pump directly to, or from, the lake through culverts in the
protective levee and are relatively independent of canal capacity
limitations,

A control and lock was constructed in the period of principal
development at each end of the four major Everglades canals
connecting Lake Okeechobee with the sea. The dual-type structures
were designed in such a manner that the lock could be opened and
the spillway could be entirely removed (in most of them) to pass
large flows. Figure 81 shows a typical installation with the lock

Figure 91, — Control and lock inHillsboro Canal nearDeerfield Beach,n typicalEverglades in-
stallation. This is close to the coast, and the downstream pool is tidal. The U. S, Geological
Survey recording gage in at the upstream end of the lock, Head on the control is-about 10 ft,
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closed and with stoplogs in the spillway bays to provide a controlled
upstream stage. One of these controlshas been removed,5 two are
essentially inoperative,® but the other five are still inactive use,
The locks at the contrdl structures have seldom been used for
navigational purposes since the highways and railroads have re-
placed the earlier water-borne traffic in the canals, Similar
structures were placed in Caloosahatchee, St. Lucie, and South
New River Canals, but of these, only the control and lock in South
New River Canal still exists (1949),

At the lake ends of the major canals, three hurricane gates also
occasionally serve as controls (HGS-4 serves both North New River
and Hillsboro Canals, which reach a junction close to the lake
levee). When the hurricane gatesare completely closed the nearby
old controls are ineffective, except for passing local pump dis-
charge. The hurricane gates are closed under the following
conditions:

1. When a hurricane threatens—to prevent wind-driven lake
water from inundating the communities and farm lands of the upper
(lades (the primary function of the gates).

2. When the lake rises higher than the canal levels during flood
periods—to prevent outflow from the lake which would augment
flood conditions; the old structures, because of their poor condi-
tionand high rates of leakage, are not effective enough in preventing
lake discharge into the canals,

3. Partlyclosed, occasionally in drought periods, to control the
release of irrigation water and stage-maintenance flow from the
lake. ‘

4, For maintenance, the gates may be closed for as long as2
weeks; time is selectedby Corps of Engineers to cause a minimum
of interference with normal operations,

5. Partly closed, occasionally, to stop masses of hyacinth from
drifting into the canals,

The major canals are interconnectedin the upper Everglades by
two large secondary canals, Bolles and Cross Canals; these major
canals drain and irrigate through a multitude of local canals and
ditches. The principal farming area is divided into drainage sub-
districts, which are individually diked off from adjoining areas,
Except for those close to the lake and away from the canals, the
subdistricts pump extensively into, or from, the canals according
to need, The pumps are of low~lift type and may range in capacity
from several thousand gallons per minute to 60,000 gpm (134 cfs,

Miami Canal at Miami, just above confluence with Tamiami Canal,
8 Hillshoro Canal at Chosen, between Belle Glade and Lake QOkeechobee; Miami Cannl at
Lake Harbor.
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or 266 acre-ft per day). One pump house may contain several
pumps. Most of the pumps of the drainage subdistricts were de~
signed to remove 0.5 to 1 in. of water per day from their service
areas, Many of the small farm pumps are arranged to pump in
either direction, and many of the large units can be used as siphons
for irrigating.

The size of the pumps utilized in the lake area is related to a
somewhat common misconception about the capacity of the canals
for storage of discharged water or for sources of irrigation sup-
plies, Apparently, many persons believe the storage capacity of
the canals is a significant factor in water control of the Everglades;
however, this is true only in a negative manner. A mile of canal,
70 ft wide, has a surface area of 8,5 acres, and therefore it has
a storage capacity of 8. 5 acre-ft per mile for 1 ft change in level.
In a canal 30 miles long, this would mean a storage of 255 acre-
ft per ft change, which is approximately the discharge for I day
of one 60, 000 gpm pump., Whenit is consideredthat a single pump-
house installation may have two or three such pumps, and that there
will be numerous other pumps operating along a typical canal, it
becomes obvious that the storage capacity can be occupied in a
short time. Unless the pumped discharge moves along the canal
"at fast-enough rates, the water level rises rapidly and dikes may
be overtopped. In the case of irrigation supplies, large demand
will draw the canal down excessively unless seepage from reservoir
areas, or direct inflow from other surface supplies, furnish some
replacement, In either situation, additional discharge or supply
capacity must be available for satisfactory operation of facilities,
A principal canal in a subdistrict is shown under construction in
figure 92 (note the neat trapezoidal cross section).

A schematic diagram of the water relationship in canals, farms,
pumps, and open lands is ‘presented in figure 93, which shows two
sets of water conditions., In dry periods, evaporation and tran-
spiration from farms is large, and the pump canals and laterals
are maintained at high levels to hold up the water table in the
fields. Seepage losses occur to the open lands and then back into
the main canal, which may be at a fairly low level because of the
irrigation demand.

In wet periods, the main canalis full andlevels are above ground
surfaces inthe openlands, The farmditches are held at low levels
by pumping into the main canal to encourage seepage from the fields.
Seepage occurs in some degree under the dikes, and a certain
amount of recirculation occurs,

Figure 93 was drawn to be representative of the principal farming
area near Lake Qkeechobee, but the principles therein apply to
installations inthe entire Evergladesarea, The amount of seepage
under dikes and canals can vary widely, depending upon the per-
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Figure 92, —Water control facilities in the upper Everglades, Main canal of East Shore Drainage
District, under construction near Belle Glade; part of chamnel still to be excavated andspoil
matetial to be graded to form a dike, Canal was excavated tothe rock swrface in 9 ft of muck
s0il; pump was a temporary installation for construction period; August 1944,

meability of the upper rock formations. The diagrams show that

farming in the muck areas of the middle and lower Everglades

generally has been uneconomical, because pumping costs are ex-

cessive due to the large amount of seepage and recirculation of
. pumped water, '

Although thé dry-winter periods of 1943-45 resulted in an in-
creasedinterestin pumpingfor irrigation(which is being practiced
more widely each year), the major emphasis is still on pumping
for drainage, The pumps are startedinanticipation of, or following,
excessive rainfall, and the surplus water is drawn through the
multiplicity of ¢hannels to the pumps to be lifted into the canals.

FACTORS AFFECTING CANAL CAPAGITY

SOIL SUBSIDENCE

The subsidence of theé muck and peat soils, particularly in the
intensively farmed areas, is an important factor that has changed
the nature of runoff in the Everglades. Organic soils continue to
build up in swamp areas when natural conditions (especially water
conditions) are undisturbed but are subject to losses when dry,
These losses occur principally in three ways:

1. Compaction—by vehicles and machinery in farming opera-
tions; may be as great as 12 in. during the first year of use,
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2. Slow oxidation—when dry, by chemical and bacterial action;
insidious, because it is not apparent except by elevation loss over
a number of years,

3. Firew—when dry, the organic soils ignite readily and may
smoulder for months; in the years 1943-1945 most of the Everglades
was burned over (several times in some areas).

The nature of the subsidence of organic soils has been discussed
in detail by Evans and Allison (1942, p. 34—46) and Clayton and
Neller (1943, p. 118-123),

Clayton, Neller, and Allison (1942, p. 15) state: “Most of the
cultivated lands of the northern Everglades have subsided approx-
imately 5 feet since drainage was begun about 25 years ago, ” This
processis continuing, and its effect oncanal efficiency is consider-
able. Where the land surface haslowered as muchas 5 ft, it means
that the canals have lost 5 ft of effective depth, And, as the spoil
banks subsided with the land, an actual loss of cross section has
occurred—44-percent reduction for a canal originally excavated to
12 it below the land surface., Figure 94 shows a control and lock
that, in effect, hasbeenraised above the land because of subsidence
of the soils around it,

The loss of storage capacity in the canals is sizable, although
it is not a controlling factor. The loss of conveyance capacity,

Figure 94, —Top of wall of lock in South New River Canal at South Bay was once close to the
ground surface; loss of the muck soil by oxidation and bacterial action in dry periods hias caused
surface to subside about 4,5 feet,
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however, is extremely important, because this is a measure of the
efficiency of the canals as water movers. Reduction of conveyance
capacity by reduction of depth is a result of changes involving several
_basic factors:

1. Reduction of cross-sectional area; 40 to 50 percent in some
cases,

2. Reductionof the hydraulic radius; this is a hydraulic function
derived from the shape of the channel. The smaller the hydraulic
radius, the lower the velocity of the water, providing that other
factors remain constant,

3. Reduction of height to which water can be pumped to develop
the slope that produces flow; for canals that drain into Lake Okee-
chobee the effect is quite large.

For a typical canal (trapezoidal in section, 70 ft wide at the top
and 12 ft deep), a reduction indepth of 5 ft, plus anassumed halving
of the water slope, would reduce its efficiency to 30 percent of
original capacity, This roughcomputationis furnished only to show
the possible magnitude of the loss of conveyance capacity in the
canals, aconsideration that also involves the cost of such facilities.
Some of this loss of capacity has been offset by increasing the
height of bank dikes, but the relationship of canal stage to land
elevation has not been improved, Costsof moving water have risen
because of increased pump lift, anincrease in the amount of water
to handle (because of additional seepage from the canals to the
fields), and because of continual dike maintenance,

BARS AND SHOALS

Among other causes for reduced canal efficiency have been the
accretion of organic material and the formation of bars and shoals
on the bottoms of the canal, Aquatic wee ds, both floating and rooted,
deposited a steady amount of organic debris in their natural cycles.-
'Weeds along the banks were cut and dumped into the canals, branches
from trees and other material entered the canals and impeded flow,
Fortunately, much of this material was carried out of the canals
when higher velocities occurred during periods of medium and high
water. A small amount of this material was removed by mainte-
nance operations, but the net result was an appreciable reduction
of the area of the canals, :

Bars, which are composed of sand, muck, or debris (or of all

three), form in the canals under three general conditions:
-

1.  Where uncontrolled laterals intersect the canals, This is
particularly bad in the sandy areas where, in some cases, lateral
inflow developed naturally and unconfined flood waters were able to
convey and depositlarge amounts of sand as the velocity of the flow
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isreduced uponentrance to the main canal—this happens to a lesser
degree in areas of organic soils.

2, Where pump discharges enter the canals. Deltas and bars
form on the discharge side of pumps, and because the pumps are
usually close to the canals, thus the bars form in the canals. The
suspension of heavier particles in the water resultsfrom the rel-
atively high velocities that occur in the field ditches and in the
pump-feeder laterals,

3. Where organic material, consisting of decomposed weeds or
miscellaneous trash, accumulates (this is usually caused by a re-
duction of veloeity in canals), These shoals tend to pe relatively
low, but they may cover extensive areas.

Probably nosingle shoalhas any great effect on flow in a canal,
because a reductionof cross section for a short distance does not
cause a proportional reduction of capacity. In the aggregate, how-
ever, bars and shoals restrict flows appreciably, and they should
be removed toincrease efficiency. The dire financial plight of the
Everglades after 1930 prevented necessary maintenance of the.
major canals, but in 1946 the Everglades Drainage District (1946)
issued a set of regulations in an attempt to stop further blocking
of the canals. Aside from ‘a prohibition against disposal of any
material except water in the canals, the principal pertinent reg-
ulation concerned the laterals, both controlled and uncontrolled,
It was stated that in the future all pumps and lateral controls were
to be located not less than 300 £t from the main canals, and that a
sump was to be provided in that 300-ft reach for the purpose of
detaining most of the material suspended in the water; furthermore,
the connection from the sump to the canal was to be of such pro-
portions, and to be so protected, that no appreciable amount of
material wouldbe carriedinto the canal, It was stated that existing
installations less than 300 ft from the canal (and most of them are
closer) must have a sump close to the field side for the same pur-
pose. It was also ruled thatuncontrolledlaterals must be provided
with similar settling basins.

AQUATIC WEEDS

Another important cause of canal inefficiencyhas been obstruc-
tions of aquatic weeds, an example of which is shown in figure 95,
The bottom-rooted types are found principally in the secondary
canals andfieldlaterals (except in the lower Everglades—see data
on Miami Canal) and may block flow almost completely, Fortu-
nately, they seem to have a seasonal characteristic (they are
affected by temperature or water velocity) and leave the channels
comparatively clear at times, Without doubt, however, the water
hyacinth, that beautiful but obnoxious floating plant, is the acknow-
ledged champion among weed pests in canals,
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Figure 95, — Aquatic growth in Everglades canals, Dense coverof water hyacinth on North New
River Canal at South Bay; view along centerline of canal in September 1946; the trampled-
appearing area shows the affect of spray-application of 2-4, D, 'a herbicide that is effective
in killing hyacinth, . }

Johnson (1948) states that contamination of the arterial canals
beganas soonas they were connected with Lake Okeechobee, about
1918. Regular operations and navigation maintained some degree
of control, but by 1925, mechanical methods were being employed.
After 1930, with the economy of the Everglades tottering, this work
was halted, and the canals were soon covered completely with
hyacinth. Between 1935 and 1943, sporadic attempts were made
to clear parts of several of the main canals but no proper follow-
up program wags instituted, and regrowth occurred rapidly, Ever-
glades Drainage District resumed active hyacinth control in 1943,
but the scale of operations was limited.

In 1946, it was demonstrated that the new herbicides known
generally as 2,4-D were effective in killing the water hyacinth,
and.in July of that year an ambitious program of hyacinth removal
on 178 miles of major canals was started, The 2, 4-D was sprayed
inoil or water from planes, boats, and trucks and the results were,
on the whole, satisfactory. It may be stated that 162 miles of canal
were cleared so completelyby July 1948 that only occasional patrol
gpraying was necessary thereafter, After this program the water
in the Everglades canals was seenfor the first time in many years,
It is safe tosay that the hyacinth problem has been solved, although
the solution has not beenapplied as'yet (1949) to all channels in the
Everglades, Removal of hyacinth cover is probably the least ex-.
pensive procedure for obtaining significant improvement in channel
efficiency., ‘

346881 Q5524
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The retarding effect of water hyacinth on flow of water is not
merelya matter of acertainpart of the channel eross section being
occupied, The roots hang 10 to 12 in, below the plants, and the
net obstruction averages possibly a foot—which would be 10 percent
of a canal 10 ft deep. It is the restriction of flow by increased
friction that reduces capacity. Because, not only is there the usual
friction caused by the bottom and sides of the channel, but also,
where complete hyacinth cover exists (see fig, 95), a large amount
of friction occurs at the top, and the canal is, in effect, a closed
conduit with rough surfaces all around. Bogart and Clayton (1948)
show that, because of complete hyacinth cover, North New River
Canal (which was 70 ft wide at the point of observation) was only
57 percent efficient. The efficiency of Cross Canal, about 45 ft
wide, was found to be about 53 percent. Such efficiencies, of
course, vary with the stage~-the higher the stage of any canal, other
factors being equal, the higher the efficiency will be, and con-
versely. Loss of conveyance capacity caused by hyacinth cover
increases as the size of the channel decreases, until the point is
reached (in small farm ditches) where flow efficiency may approach
zero,

L.oose hyacinth drifting with the current has a tendency to lodge
on bridge piers and controls, Large jams mayform and may cause
sizable amounts of backwater, Often, plants are removed by means
of long-handled choppers, but 6-ft ice saws sometimes are used
by workers standing on the matted plants, and even dynamite has
been used to break up the jams,

It is ironical that, in spite of the concern over the adverse effect
of weeds and hyacinth in canals, these aquatic plants were beneficial
at times, When water levels and discharges fell so disastrously
low in the drought periods of 1943, 1944, and 1945, the plants, by
their blocking action, held water to only small flow on relatively
steep slopes—thus holding up levels locally and preventing ex-
cessive wastage. In the Miami area, weed growth retarded inland
movement of salty water in the tidal canals.” As a further paradox
in the situation, the highly undesirable salty water killed the weed
in the canals and cleaned long reaches that had been clogged for
many years, '

TOPOGRAPHIC AND GEOLOGIC FACTORS OF WATER CONTROL

In very general terms, the organic soils of the upper Everglades
(as far south as the latitude of Fort Lauderdale) are underlain by
the Fort Thompson formation, which, in this area, is relatively
impermeable to water movement andis frequently capped by a thin
layer of Lake Flirt marl (also an impermeable formation). (See plate
4.) In this area, canals can be dug in the muck and rock—seepage
into, or out of, the canals is small, and water control can be es~
tablished. Because the muck soil is more permeable in a vertical
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direction than in ahorizontal direction, drainage of the farm lands
oceurs via the network of mole drains, farm ditches, and laterals,
which resembles the arrangement of capillaries and veins of the
human body (Clayton, Neller, and Allison, 1942, p. 17, 60; Allison,
1928, p. 117).

East of the upper Everglades, the Anastasia formation underlies
the Pamlico sand in the coastal ridge as far south as Deerfield
Beach. The consolidated portions of the formation are quite per-
meable, but water control in the area is successful mainly because
the canals and laterals are dug almost entirely in the sand, and
rock is not often encountered, Seepage rates are likely to be some-
what greater than in the organic soils, but the higher altitude of
the area, much of which is in the Lake Worth Drainage District,
makes gravity drainage and pumped irrigation economically
feasible.

South of the latitude of Fort Lauderdale, the highly permeable
part of the Fort Thompsonformation and the Miami oolite underlie
muck and peat soils and the shallow marls farther to the south,
To obtain the necessary cross section and slope, lateral canals in
this area must be dug through the shallow soils and into the rock,
When water levels in such channels are held higher, or lower, than
those in the adjoining ground, the seepage usually is verylarge,
Pumping has been unsuccessful, for, in effect, the whole country-
side was being drawn upon because of the free movement of water
through the rock. The creation of dikes around pumped areas was
found to be impracticable.

The coastal ridge south of Deerfield Beach is composed princi-
pally of the Fort Thompson formation and the Miami oolite and is
overlaininplaces by a generally thin layer of sand, which becomes
thinner to the south, Water control by pumpingis impractical here,
except in igolated areas, and water control must be considered in
terms of large areas rather than by arbitrarily limited basins ad-
jacent to a waterway.

Because of the wide range of geologic factors, the capacity of the
canals to convey water from one area to another alsoranges widely.
Where the canals are dug in relatively impermeable materials,
water movement (other things being equal) is dependent upon tight
and continuous dikes and upon simple hydraulic factors. However,
canals cut into the permeable materials present much more com-
plex problems. The adjoining ground water has free access through
innumerable small openings, and, depending upon the relationship
of the canal and the ground-water stages, it can seep into, or out
of, the canal. When the ground water is the higher, inseepage
occurs; when the canal is the higher, outseepage occurs. The
processes can goon simultaneously at differentlocations along one
canal, particularly near artificial controls. The condition of in~-



346 WATER RESOURCES IN SOUTHEASTERN FLORIDA

seepage on one side of acanal and outseepage on the other side can
occur where acanal cuts across the ground-water slope of an area
and the canal stage is atthe ground-water level, Under these con-
ditiong the canal has little effect on ground-water movement,

The flat topography of the Everglades permits control structures
to be effective in controlling water levels in the canals and basins
over extensive areas upstream, However, this can be a liability
aswell as anasset, because, in the areas of permeable materials,
it means that the canals may collect water froim one area hap-
hazardly and at the expense of another area, and, by the very nature
of the problem, ‘this process can hardly be stopped, although the
effect can be reduced. Fortunately for the economy of the Ever-
glades area agawhole, the highly permeable formations are located’
at'the lower end of the basin, although that partis adversely affected
in considerable degree.

Studies at water-control structures in permeable areas show that
retention of water upstream from the controls may be a very dif-
ficult problem. Under a head of 2 or 3 ft, and with the control
completely closed, aconsiderable amount of water will seep through
the formations below, and on each side of, the control and will re-
turn to the channel farther downstream. Hence, in order to hold
heads of water effectively at such points, sizable volumes of water
mustbe continuously provided from an upstream sourée to replenish
losses from this leakage.

The drainage areas contributing water to the canals are indeter-
minate, and in some areas, the canals cut across the slope of the
ground and the direction of natural drainage. Because of the flat
topography, the direction of flow over an area may vary; the flow.
will be away from the center of heavy natural recharge (rainfall)
or artificial recharge. In a similar manner, water summits may
occur in a canal reach under high-water conditions—the flow may
divide and move both ways at a point of large inflow from a pumped
or uncontrolled lateral (see fig. 98). In general, the canals drain
a considerably larger area to the north of the channels than to the
southbecause of the natural south to southeast drainage and because
of the predominantly southeast to east direction of the channels.

During ordinary wet periods, overland flow occurs principally
inthe open Everglades west of North New River Canal and stretching
from Bolles Canal south to the Tamiami Trail and Cape Sable,
Such flow is modified in other areas by the canals and road fills,
Under maximum flood conditions, however, the old drainage pattern
is reestablished, and the witer moves oveérland in large volume;
this flow is still modified by development, but to a much lesser
degree.
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THE COMBINED NA;K‘URAL AND ARTIFICIAL CONTROL REGIMEN

The natural regimen of the weather is obviously the background
for water-control operations in the Everglades, but the relation-
ship is not quite as simple as such a statement may imply.

FEachyearhas beendivided by Johnson (1944) into four periods to
cover general conditions that may occur during that year, For a
given year, the limits of eachperiod are not precise, but the sub-
division is essentially valid. (See section on Climate for detailed
weather information. ) These periods are discussedbelow, starting
with low water condition:

February 1 to May 15: normally low water conditions, — Rainfall is usually
scanty, although sizable amounts often fall after April 1. This
period is the end of the truck-farming season in the Everglades.
Waterlevels decline steadily, particularly in Dade County, and are
above ground only insmall areas; the Everglades is subject to un-
controlled grass fires and burning of the soil in particularly dry
years; soil loss by slow oxidation is at maximum rates; pumping
for irrigation is at a maximum; and, salt-water contamination of
the tidal canals reaches farthest inland, Water is released from
Lake Okeechobee into the major canals to provide irrigation sup-
plies; and controls at the outlet ends of the canal are kept closed
to reduce fresh-water runoff to a minimum and to combat salt-water
intrusion., Depending upon prior conditions andlight rainfall inthis
period, extreme drought conditions may develop which, as in 1945,
can extend into June and July.

May 15 to September I; rainy season,~— Many small and intense squalls
occur; these squalls are interspersed with more general storms,
which may have heavy rainfall. Farmlands, where the truck-
farming periodis finished, may be allowed tobecome flooded (good
agricultural practice); the soil becomes saturated and, in the open
lands, inundation occurs; moderate overland flow may develop; the
canals rise considerably; and most pumping is done for drainage,
Ordinarily, the outflow from Lake Okeechobee is reduced, and, in
wet years, reverse flow to the lake may occur; the controls at the
coastalends of the canals are partly opened to provide local relief,
but, at the same time, levels are kept high enough to divert, or to
keep, as much water as possible on the open lands; and reserve
capacity is maintained for the larger rains by keeping the canal
stage below certain maximums.

Septomber I to ! YJovember 15: possible storm geagon,— This is the most critical
period of the year. Very oftén, the summer rains are over by late
September, and it is desirable to conserve a maximum of stored
water. At the same time, the area is subject to hurricanes, which
are often accompanied by extremely heavy rainfall, making it de-
sirable to have reserve capacity inthe water-control facilities, The
coastal controls are opened wider to keeplevels down in the canals,
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but efforts are made to keep all possible storage on open lands.
The problem of reserve capacity is ‘complicated by the heavy pump
discharge in connection with preparations for the farming season.
If a tropical storm develops, all the controls are opened wide at
the coast and at other locations (as indicated) to remove as much
water as possible from the canals and developed areas. When
heavy rains occur from such a storm, the facilities are usually
inadequate for the quantities of water to be moved, and varying
degrees of flood conditions exist.

November 15 to Febpgry I: dty season.— Normally, rainfall is scanty,
and levels decline steadily, If hurricane floods occurred in.the
previous period, the controls are maintained in an open position
until the excess water has been removed, If the storm period
passed with only moderate rains, the controls are closed as far
as possible to conserve water for the growing season. Pumping
changes from drainage discharge to irrigationas the growing season
advances. Low storage during the rainy and stormy periods, and
a period of no rain at this time, can set the stage for drought
conditions. '

The water regimen outlined above is in marked contrast to con-
ditions over most of the United States, where- the period of dry
conditions ‘and possible drought usually occurs from July to Oc~"
tober, Over most of the country, streamflow is greater in the
winter than inthe fall, and it generally reaches a maximum in the
spring; however, in southern Florida, the peaks usually occur in
September and October,

WEST PALM BEACH CANAL

Pmﬂdﬁh DESCRIPTION

West Palm Beach Canal extends 42 miles from the southeast
shore of Lake Qkeechobee at Canal Point to Lake Worth and the
Intracoastal Waterway in the vicinity of West Palm Beach and
passes through anarea embracing the northernlimits of the Ever-
glades proper. In its western half, a straight reach, 19 miles
long, extendsin a southeasterly direction andconnects to a second
straight reach of about the same length, which runs in an easterly
direction to the coastal ridge and enters Lake Worth between the
cities of West Palm Beach and Lake Worth, The total length of
channel is 42 miles. (See plate 14 for the general features of the
West Palm Beach Canal basin,)

West Palm Beach Canal was dug in deep muck soil from Canal
Point to where the muck grades into sand (about 4 or 5 miles east
of 20-Mile Bend). The edge of the sand landis the point where the
canal intersects the edge of:a low sand upland, which extends
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northwestward and roughly parallel to the west half of the canal
and4 to 6 miles away from it. Thishigher ground has an important
part in the drainage regimen of the canal, because it is from this
area that large quantities of water move overland in wet periods
into the immediate canal basin,

State Highway 716 (formerly Highway 194 andknown as Connor’s
Highway) serves as a dike along the southernside of the canal from
Canal Point to 20-Mile Bend, and it is a part of the principal dike
system of three drainage subdistricts: Pelican Lake, Pahokee, and
Highland Glades Drainage Districts. The northern bank is effec-
tively diked for 5.5 miles southeast of Canal Point as a part of
Pelican Lake Drainage District, (In 1946—47 the northern bank
dikes were extended as far east as Big Mound Canal.) East of that
point, the original spoil banks (composed mostly of muck) subsided
by slow oxidation, or by fire, and became ineffective as dikes,
Thus, when water levels rise above ground surface in that area,
West Palm Beach Canal is vulnerable to uncontrolled overland in-
flow from the north. A small dike, known as Old State Dike, once
existed parallel to, and about 3 miles north of, West Palm Beach
Canal; it extended from near the lake to Loxahatchee, This dike
has subsided, and it has little effect on water events, At the present
time, it is marked only by a shallow borrow ditch.

"It is in the area of the drainage subdistricts near Canal Point
that most of the pumps along West Palm Beach Canal are located.
A control and lock regulates flow most of the time at the lake end
of the canal. Under certainconditions (see page 336), the hurricane
gate (HGS-5) in the protective levee at Canal Point is closed, thus
canceling the effect of the old control.

Between Canal Point and 20-Mile Bend three large lateral canals
enter West Palm Beach from the north: Lateral A, Lateral B, and
Big Mound Canal. These are uncontrolled, serve little useful pur-
pose at present, and increase the high-water problems of the area,
Cross Canal, an important tributary, extends west from 20-Mile
Bend to Hillshoro Canal, A control was constructed in Cross Canal
at 20-Mile Bend in 1945, replacing a temporary wood control built
in 1944,

The main highway across the State in the latitude of Lake Okee-
chobee, State Highway 80 (formerly Highway 25), crosses West
Palm Beach Canal at 20-Mile Bend and continues east along the
north bank almost to the seaward end of the canal, serving as a
dike for a considerable distance into the sand area. Three bridged
highway openings east of 20-Mile Bend permit uncontrolled inflow
seasonally from the north, The southbank is low and uneven for a
considerable distance into the sandy area and is subject to over-
flow at high stages. Several uncontrolled laterals exist in this
reach. The sandy ridge is essentially continuous from west of
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Loxahatchee to the coast, except for a slough (Loxahatchee Marsh)
crossing east of range line 41-42 (pl. 1), and the coastal slough
near the east end of the canal. Both banks are high throughout this
eastern reach and are not subject to overflow.

Loxahatchee Drainage District, on the north bank, 8 miles east
of 20-Mile Bend, drains into, or irrigates from, the West Palm
Beach Canal by gravity or pump. Atrangeline 41-42, a principal
tributary, known locally as Rangeline Canal, but officially desig-
nated as Equalizing Canal 1 (E-1), connects from the south and
marks the western limit of Lake Worth Drainage District, which
is the largest subdistrictin the Everglades area. Rangeline Canal
extends southward to an intersection with Boynton Canal and con-
nects with Hillsboro Canal, west of Deerfield Beach. Tt was orig-
inally used only for gravity drainage, but a pump of 20, 000 gpm
capacity was installed in 1944 at West Palm Beach Canal to irrigate
the high sandy lands of Lake Worth Drainage District. State High-
way T (formerly Highway 199) occupies the west bank of Rangeline
Canal and forms a continuous levee, with culverts at regular
intervals,

East of range line 41-42, the pr1nc1pa1 connections are the
equalizing canals of Lake Worth Dralnage District; E-2 and E- 3,
from the north; E~-3 and E~4, from the south; and Stub Canal, from
the north, in the westernenvirons of the city of West Palm Beach,
The sizable pumping plant at Morrison Field, constructed during
World War II for local drainage, has little effect on West Palm
Beach Canal because it is seldom operated. Several other minor
laterals inthe eastern 10 miles of the canal also have little effect.

At U. 8, Highway 1, the canal discharges into tidal waters at a
control and lock., The control’ structure is larger than most con-
trols in the major Everglades canals, and it was designed to operate
under heads as greatas 12 feet. A unique featureis the wide high-
way bascule bridge built across the lock, The canal extends approx-
imately half a mile farther east and discharges into Lake Worth,
whichis anarrow tidal estuary running parallel with the coast, The
ultimate connection to the sea probably is via the inlet, 7 miles to
the south at Boynton Beach, although during heavy discharge the
flow may divide, and part of it may reach the sea by way of Lake
Worth Inlet, 9 miles to the north,

The principal features along West Palm Beach Canal with cumu-
lative mileage from Lake Okeechobee are listed below:

Location Mileage

Centerline of lake levee and HGS=5...vuues sevese vavsesorenssrasseens O
Control and lock, Canal Point (gaging station)...cccecseerseveseses o1
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Location - Mileage
Lateral B, from north....,..cc.cvecececceveecavescanssssssssesrsnssscnsses 8o 1
Lateral A, from north.,...c.ivivivieviivnrvniinireecnissessassescesens 100 7
Big Mound Canal....vieiccssiiserssrsrrarsissarsasionsssasenssecnsnssarness 1107

Cross Canal, bend..iiiciiieisiariasisssrrvereersvsransrasse soranesrase snes 19, 4
20-Mile Bend bridge. cuiuiiiiiiiivsniiiiissiiisisrnenranssasnrensecensenee 19,5
Loxahatchee, main lateral of Loxahatchee Drainage Distriet, 26, 6
Bridge, Canal E-1, State Highway 7, range line 41-42,,...,.. 31,0
Canal E-2, north and south (connection south made in 1947). 32,8

Canal E-«3, north and .South.siveees covecssssssscnsnsnsecsocssssrsonsede 39,6
Bridge, Military Trail, State Highway 809, ...evirseveeeercracnees 36,6
Bridge, at Morrison Field....ccceesees secrsecrscnsscssvernnsnsscrssrss 38. 1
Stub Canal.. cuuveeeervenerssessraseressenvensrorssssornsarsornsorssessasssas 384 2
Bridge, Seaboard RailWay.....cieieciniseessnsenssesssassossnasesseases 40,6

Canal E-4oiiuiiiiiiiiriiieernerseiriisiisisrrsesarssssssescensssces sarsass 40, 8
Bridge, F. E, C. RailWay,..cccveeverenceinenseors v snsssesnecersnneas 41,3
Control and lock, U. 5. Highway 1 (gaging station)......cceee.. 41, 4
Bridge, U. 8. Highway 1 (Alternate)...c.eicecresscerscssarsennyoanene @1, 7
Lake Worth...icaeiceieriusiennrarensenisniismemiirnssisaniansnsenvasossoses 42,0

RECORDS AVAILABLE

Records obtained for various points in the area of investigations
are as follows (records were continued after period of this
investigation):

Canal Point

Stage, northwest of .control: Nov. 7, 1939, to Dec. 31, 1946; staff
gage readtwo andthree times daily; stage essentially the same
as inLake Okeechobee except for wind surges and periods when
HGS~5 was closed,

Stage, southeast of control: June 30, 1940, to Dec. 31, 19486; con-
tinuous recorder graph; daily mean plottedinfigures 96 and 97.
Maximum: 16,40 ft, on QOct. 15, 1945,

Minimum: 9,40 ft, on May 24, 1944.

Discharge: Nov. 7, 1939, to Dec. 31, 1946; daily mean plotted in
figures 96 and 97; monthly and annual runoff listed in table 34.
Maximum; 610 cfs, daily mean, to southeast, on Nov, 20, 1939;
1,760 cfs, to northwest (into Lake), on June 15, 1942, Periods
of no flow were common at times of reversal of flow and when
HGS-5 was closed.

Loxahatchee

Stage: July 7, 1941, to Aug. 27, 1942; staff gage read once weekly,
Aug. 28, 1942, to Dec, 31, 1946; staff gage read once daily,
Maximum observed: greater than 14.6 ft, on Sept., 22, 1941,
and June 16, 1942,

Minimum observed: 8,02 ft, on June 30, 1944,
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Figure 96. —Craphs showing stage and discharge of West Palm Beach Canal, 1939-42.
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Table 34,— Runcff of West Palm Beach Canal at Canal Point
[Unit, 1,000 acre-feet]

Year Jan. Feb. Mar, Apr. May June July Aug. Sept, Cet, Nov. Dec, Annmnal
1939 y 118.6 19,8
1940 - 22,6 21,4 7.2 19.0 29.0 1.5 13.3 -8.2 -17.2 19,7 16.7 23.3 164, 3
1941 -.8 -4, 5 8.6 7.6 12,3 23.9 -29.4 12.5 -12,7 -14,9 20,7 22.3 45,6
1942 23,1 20.8 10.9 3.1 19,7 -67.2 ~9.6 23.6 8.3 25.4 12. 4 13.7 82,2
1943 15.2 15,7 14,2 16,2 1.0 11.2 -13.9 1.9 -6,0 4.3 16,5 11,2 104, 2
1944 15,3 16,8 15.6 12,6 20,1 9.5 13,3 8.1 8.6 -17.7 12,2 23.6 138, 6
1945 20,2 16,1 21.4 13,6 21,1 9.1 -24.9 ~11,3 -48.4 -2.0 20,1 26,4 67.4
1946 25.4 23,5 24.7 24.2 22.3 16.9 11.6 -5 -17.7 21,5 -2 23.2 174.9

'For period November 7-30.
Note, —Negative discharge indicates flow into Lake Okeechobee.
Table 35.—Runoff of West Palm Beach Canal at West Palm Beach
[Unit, 1,000 acre-feet]

Year Jan, Feb. Mar, Apr May June July ) _Aug. Sept, - bct. Nov, Dec, Annual
1939 62,2 42,1 liivesensconans
1940 46,0 44,2 45, & 47.1 41,8 78.0 60.2 102.4 161, 7 88.5 9.5 68,2 854,2
1941 119.5 04,2 84.4 89,7 62,6 46,1 136. 4 93,1 131,3 132,3 71.2 49,1 1,109.9
1942 52,3 39,9 56.5 117. ¢ 61.0 169.9 50,2 59.7 1.8 56,5 34,9 26,8 842.5
1943 25.5 23.1 30.1 22.8 215 23.0 53.8 51.5 68,3 89. 4 58.1 35,1 . 501, %
1944 29.4 21.9 25,6 21,9 26,4 23.0 27.4 48,4 48,46 92,0 58,17 35.6 ‘458, 9
1945 34,7 21.4 20,1 11,6 12,9 28,1 47,7 44,8 122.9 128.9 64,17 37,1 574, 9
1946 39.2 24,8 32,3 24.4 51,6 68.8 68.5 66,0 128.1 79.2 97.2 60,6 740, 7

Mote, —Lake Worth Drainage District furnished record of gate and lock openings and daily supplementary stage record,
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West Palm Beach
Stage: west of control, Nov. 1, 1939, toDec. 31, 1946; continuous

recorder graph; daily mean plotted in figures 96 and 97,
Maximum: 10, 33 ft, on Apr. 18, 1942,
Minimum: 2,97 ft, on May 7, 1941,

Discharge: Nov. 1, 1939, toDec, 31, 1946; daily meanplotted in
figures 96 and 97; monthly and annual runoff listed in table 35,
Maximum: daily mean, 5, 320 ¢fs, on Apr. 18, 1942,
Minimum: daily mean, 124 cfs (leakage only), on May 1, 1945,
Maximum known: 8,570 cfs, on Oct, 23, 24, 1924, computed
from data by Everglades Drainage District,

Profile gages .

Stages: at 10 locations from Canal Point to West Palm Beach,
March 1944 to December 1946, about monthly. See figure 98
for typical profiles,

Miscellaneous

Discharge; at intermediate locations on the main canal and at
many laterals, 1939 to 1946; occasional; usually in connection
with special basin studies; see figure 98 for type of obser-
vations,

FLOW CHARACTERISTICS.

Under low and moderate water conditions, West Palm Beach
Canal is controlled as far as possible to satisfy avariety of needs,
some of which conflict, During the winter and spring the extensive
irrigation needs of the lake farming area require a relatively high
canal level and a sizable amount of continuous recharge. This is
met by releasing water from Lake Okeechobee at the Canal Point
control at lake level. Part of the water moves down the canal for
irrigation of land along the -east half of the canal, particularly in
the Lake Worth Drainage District, Except in anticipation, or as a
result, of the infrequent heavy rains of that time of the year, the
controlled laterals are usually closed, Flow in the larger uncon-
trolled laterals continues in small volume while most of the smaller
ones are dry, ' '

To satisfy the irrigation needs of Lake Worth Drainage District
by gravity via canal E-4 and Lake Osborn, the stage at the coastal
control is maintained at about 8.5 to 9,0 ft, This stage provides
gravity flow southward to some of the main east-west feeders where
pumps lift the water for use onthe higher lands of the subdistrict,
Stages inexcess of 9,0 ftare detrimental to the inhabited areas of
West Palm Beach adjacent to Stub Canal, and cause damage to small
truck-farming operations in the mucky areas just west of the heavily
settled areas.,



356 WATER RESOURCES IN SOUTHEASTERN FLORIDA

The two stage needs at the opposite ends of the canal require that
it be operated at an appreciable slope, which is accomplished by
releasing a sizable volume of water at the coastal control. Complete
closure of the control to avoid this apparent waste in the dry months
would resultin excessively high stages, followed by local damage.
Cutting off the inflow at the Canal Point end of the canal would cause
excessively low stages in the upper reaches, with resultant crop
loss and a possible soilloss because of dryness. Consideration is
also given to keepingthe unused lands along the middle reaches as
wet as possible,

During the latter part of a normal spring, rainfall starts to in-
crease and irrigationdemand falls off sharply, exceptin the higher-
sandy lands. The canals rise toward ground level, and the soils
in the unused lands become saturated. Inanticipation of, or during,
heavy rains, most of the pumps are discharged at full capacity into
the canal and are continued in operation until water levels in the
diked areas are satisfactory for farming. ‘

If the rains inundate the sand lands, the Lake Worth Drainage
District controls along West Palm Beach Canalare opened and large
volumes of water are dumped into the canal, This necessitates
further opening of the main control at the coast, andoccasionally
the lock also is opened to act as a spillway. The runoif from the
sand lands then has first demand onthe early capacity of the canal
and thus reduces the amount of runoff capacity available to the lands
in the western part of the basin. In addition, heavy overland flow
(originating on the higher lands north of the canal and west of
Loxahatchee) sweeps down into the canal, where no spoil banks
exist, or at the uncontrolled bridge openings in State Highway 80,
This inflow prevents the large pumped discharge west of Big Mound
Canal from moving east, a water summit is established, and the
stage in most of the westernreachbecomes higher than Lake Qkee~
chobee. Flow is thenestablished into the lake in a direction opposite
to that existing prior to the rains. The water divide in the main
canal has been observed as far as 1 mile east of 20-Mile Bend, a
condition resulting from particularly. heavy rainfall in the middle
of the basin. Generally, however, the location of the divide is at
or near Big Mound Canal, and the flow from that tributary has heen
observed to divide and flow both to the east and to the west for ex-
tended periods. Later, when overland flow from the north de-
creases, the water summit may shift northwestward to the first
large subdistrict pump. Still later, as outflow from both ends of
the canal exceeds inflow, the divide moves farther westward until
it disappears, and continuous flow to the east is reestablished,

In the meantime, the higher lands to the east drain more rapidly
and may even take water for irrigation while the muck lands are
still emerging from flood conditions. Then, most of the lower canal
capacity is available for runoff from the west. However, it has
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been observed that changes of several feet in stage at the coastal
control have very liitle effect on the discharge of the main canal
at range line 41-42, thus indicating that a controlling condition
exists east of range line 41-—42 that prevents larger runoff from
the west,

At higher stages, the low south bank east of 20-Mile Bend is
subject to overflow from the canal for adistance of several miles.
Thus, although the canal acts as a collecting channel, it is also a
distributing agent; therefore, part of the old overland flow from
northwest to southeast is reestablished across the line of the canal.

Cross Canal, at the intersection with West Palm Beach Canal at
20-Mile Bend, would ordinarily flow into the main canal under low
and moderate water conditions, unless prevented by the control.
In flood periods, the typicalflow is strongly westward (then south-
ward), and the control is sometimes opened to permit this measure
of relief. State Highway 716, on the south bank of the west half of
West Palm Beach Canal, is subject to overflow, under maximum
flood conditions, for a distance of several miles east and west of
Big Mound Canal.

Examination of the stage and discharge hydrographs, figures 96
and 97, willdisclose a number of significant characteristics of West
Palm Beach Canal. The stage of Lake Qkeechobee was plotted from
the weighted daily mean stage computedby the Corps of Engineers,
The actual stage at Canal Point varied because it was affected by
wind on the lake, The discharge graphs show a negative section,
whichis a device for indicating that flow in West Palm Beach Canal
at Canal Point was into the lake. This reverse flow occurred 16.1

"percent of the time in the period of record and ranged between 0
and 25 percent yearly.

Head on the Canal Point control exceeded 2 ft only a small per-
centage of the time and was less than 1 ft for extended periods.
Large stage changes at the lower control often had no appreciable
effect on stage at Canal Point. Perhaps the most striking feature
of the graphs is the opposing relationship of the discharge at the
two gaging stations—when discharge at the West Palm Beach station
rose in response to rainfall or control changes, the discharge at
Canal Point  decreased or reversed itself; an opposite action took
place during drought. In the first halves of the dryyears, 194345,
the discharge at both stations was very similar, thus indicating
only a moderate gain or loss in discharge between them.,

Note the stage~discharge relationship at West Palm Beach, April- -
May 1940.(and at other times), The stage dropped about 4 ft because
of control operation and rose sharply several weeks later. The
discharge, however, did not vary to a great extent, except for the
brief change at the time of the rise in mid-May. This is an out-
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standing example of the phenomenon observed frequently in Ever-
glades canals—under conditions of uniform flow, changes in the
crest elevation of a control often cause no significant change in
the amount of flow., Once the stage adjusts to a stable condition
(following control changes), the discharge stabilizes close to the
rate that existed prior to the change. The canal basins thus have
a relatively fixed drainage rate, within reasonable limits of oper-
ation—although this statement probably is valid for periods of
moderate flow, it would not apply during periods of heavy runoff
or during drought, when other factors would be involved.

West Palm Beach Canal, the shortest of the four major canals
"in the Everglades, was not completed as planned; however, it is
the largest water carrier., Tables 34 and 35 list the monthly and
annual runoff, in thousands of acre-feet, at Canal Point and West
Palm Beach, respectively. The average annual discharge for the
period 194046 was 726,100 acre-ft at the coastal control (West
Palm Beach)—an average flow of 1,003 cfs, two to three times as
great as the flow of any of the other canals. The average annual
discharge at Canal Point, 111,000 acre-ft, represents net flow
from the lake into the west end of the canal, which makes an over-
all net runoff of 615, 100 acre-ftfrom the canalbasin, This apparent
reduction of runoff capacity by diversionfrom the lake is mitigated
by the fact that in high-water periods and with low-enough lake
stages, the flow reverses and runs strongly into the lake at rates
two to three times greater than the typical flow toward the east—
thus causing a maximum discharge condition of flow from both ends
of the canal during the more critical periods,

SPECIAL STUDIES

Special studies of West Palm Beach Canal consisted principally
of areal studies of inflow from tributaries and discharge increase
in the main canal. A few other studies were made—some of these
studies covered too short a period of time to be conclusive by the
end of 1946,

INFLOW AND PROFILE

Ahurricane moved up the center of Florida ona northerly course
on September 15, 16, 1945, The storm caused about 5 in. of rain
in the West Palm Beach Canal basin, which, added to previous
gizable rains, caused the high-water conditions shown in figure
98. By September 22 (the date of the study), peak stages in the
easternhalf of the basinhad passed, and a recession had started——
most of the lateral inflows probably weré less than those that
occurred afew days earlier. In the westernhalf of the canal, how-
ever, water levels were still rising, and near-peak stages were
observed.
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The inflows, shown along the westernhalf of the canal, were from
pump installations, except for the flows from the three laterals on
the north side, The high pointin the stage profile (the water summit)
was between Laterals A and B, where the discharge from a large
drainage subdistrict pump was divided. The flow at Canal Point was
strongly into Lake Okeechobee, furnishing the anomalous situation
{(common to the Everglades) of a canal discharging at both ends, ’

The difference between the 916 cfs in the main canal at 20-Mile
Bend and about 220 cfs inflow from laterals east of the water summit
indicates about 700 cfs of discharge increment (pickup) inthe reach,
This large increase incanal discharge is a measure of the unimpeded
overland inflow from the north(p. 349). Some relief was afforded
by the outflow into Cross Canal, but this was offset by the two large
uncontrolled inflows from the north, just east of 20-Mile Bend,

The inflows from Stub Canal and Canal E-4 show the sizable pro-
portion of the discharge at the control and lock that can originate
close to the coast-—about 20 percent in this case. The larger part
of the discharge of Stub Canal likely was overflow from Clear Lake,
which is located several miles to the north.

The water-surface profile for May 1, 1945, shows the compar-
ative condition of a low~water period. Slopes were flat and were
below the surface of the ground at all locations. Only about one-
third of the water released from Lake Okeechobee reached the
coastal control; the remaining two-thirds was pumped out of the
canal for irrigation or seeped out in areas where the canal stage
may have been higher than the adjoining ground-water stage. Also
shown is the highest profile known, which is that of October 24, 1924,

DISCHARGE AT RANGE LINE 41-42

West Palm Beach Canal at range line 41—42 is considered an in-
termediate key location inevaluating the flow characteristics of the
canal. The station is at the west edge of Lake Worth Drainage
District, and the discharge, as measured just above Canal E-1,
originates inthe Everglades proper, plus runoff and seepage from
the intervening sand lands. Most of the flow increment east of the
station originates in Lake Worth Drainage District,

The daily meanstage at the coastal control was plotted in figure
99, with the daily stage reading at Loxahatchee, The several mis~-
cellaneous stage readings at range line 41-42 show that the stage
at Loxahatchee, 4, 4 miles to the west, is valid as a general refer-
ence for range line 4142, This graph demonstrates that the stage
at range line 41--42 was not affected by large changes of stage at
the coastal control,
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Figure 99 alsoshows the dischargeat the coastal control and at
range line 41-42 plotted above the significant daily rainfall at
Loxahatchee. The rainfall-discharge relationship is evident. The
marked similarity between the two discharge graphs and the stage
at Loxahatchee, and the dissimilarity with the stage at the control,
suggest that water events, in periods of moderate to high flow in
the lower West Palm Beach Canal basin, are considerably inde-
pendent of the operation of the control,

HILLSBORO CANAL
PHYSICAL DESCRIPTION

Hillsboro Canal heads at the south end of Lake Okeechobee and
extends, in a series of straight reaches, in a generally southeast-
erly direction to the coast at Deerfield Beach—a total length of 51
miles, It lies principally in the areaknown as the “upper Glades”
and may be roughly divided into three sections. Plate 14 shows the
general features of the basin.

The first section cuts across the heart of the winter produce-
farming area of the Everglades and extends from the lake to
Shawano. This 18-mile reach was dug in deep (as much as 12 ft)
organic soils; some of the most fertile land is in this area. The
canal connects with Lake Okeechobee through the protective levee
at a hurricane gate (HGS-4), a few hundred yards west of the
junction with North New River Canal, At Chosen, 1% miles to the
east, the control and lock is in poor condition andhas not been used
since 1939 (at least). The controland lock is kept open and causes
essentially no interference with flow. Nearby, a large pump of
the South Florida Conservancy District has a considerable effect
on water movement in the main canal, Nine milesfrom the lake is
6-Mile Bend and the junctionwith the westernend of Cross Canal,
which connects with West Palm Beach Canal at 20-Mile Bend, 13
miles to. the east by canal.

About 1 mile southeast of 6-Mile Bend, a junction is made with
Bolles Canal, which extends to the west and connects with both the
North New River and the Miami Canals. The culverts connecting
Bolles Canal to Hillsboro Canal are relatively small and have been
so completely obstructed in recent years that flow through them

-has been negligible,

Shawano is the center of operations in Brown Drainage District
and is the eastern limit of development along the upper Hillshoro
Canal. From Belle Glade to Shawano, many farms pump directly
into, or from, the canal. Until 1948, the banks were continuous
from the lake to a point about 4 miles southeast of 6-Mile Bend;
beyond 6-Mile Bend a bank existed only on the southwestern side



SURFACE WATER 363

to the end of the development at Shawano, In1948, the northeastern
bank was extended to Shawano, State Highway 80 runs along the
southern bank from Belle Glade to 6-Mile Bend, and the canal is
accessible by road from close to the lake to Shawano. The Ever-
glades Experiment Station is located on the southern side of the
canal, 2.5 miles east of Belle Glade,

The sécond, or middle, sectionof Hillshoro Canal comprises the
reach southeast from Shawano to Elbow Bend and the reach con-
tinuing onan easterly course to the edge of the Everglades proper,
about 4 miles west of Equalizing Canal No. 1, The area crossed
by this reachof the canal isuninhabited and undeveloped, and it ig
one of the least accessible parts of the Everglades, Shawano is on
the western edge of a large open area covered, for the most part,
with the well-known Loxahatchee peat—one of the more extensive
soils of the Everglades (Florida Agr. Exper, Sta., 1948, p. 62-70),
noted for its instability for travel by foot or vehicle. '

Several natural streams enter Hillsboro Canal from the north
near Elbow Bend. Two miles east of the Bend is Indian Run, a
natural tributary that connects with the Hillshoro Lakes area (see
pl. 12), Late in 1943, the U, S. Soil Conservation Service con-~
structed an adjustable control in Indian Run at the line of the north
spoil bank of the canal. Another control, with fixed crest, was
built in Gandy Run, 1 mile farther east,

The Hillsboro Lakes area, or Hillsboro Marsh, is a wild region,
which is normally wet, and which includes some perennial lakes.
The innumerable small islands and interconnecting sloughs make
this region well suited to wildlife preservation. However, it is also
important to the water regimen of the Hillsboro Canal basin as a
storage reservoir. Here, the Loxahatchee peat is ina semiliquid
state, and the area can be traveled only by shallow-draft boats,
which usually are driven by airplane propellors,

From a point about 4 miles northwest of Elbow Bend, to a point
% mile east of the bend, Hillsboro Canal never was completed as
planned. The muck and some rock were removed from the south-
west half of the channel; in the northeast half, only the muck was
excavated, thus making an inefficient channel section, The banks
are discontinuous in this reach, particularlyin the vicinity of Elbow
Bend, thus affording flow-ways across the line of the canal. East
of Elbow Bend, the banks are high and continuous, except for four
breaks in the north bank, three of which were closed in the period
of observation, A very poor road has been leveled along the top
of the high south spoil bank from the edge of the farm lands onthe
east to near Elbow Bend.

The third, or eastern, section of Hillsboro Canal reaches from
the eastern edge of the Everglades to the coast, The canal enters
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higher sandy land 3 miles west of Equalizing Canal No. 1, and the
south bank is farmed along the 3-mile reach. Aboutsix farm pumps
furnish water for irrigation or frost control, but drainage is prin-
cipally by gravity. . A poor road runs parallel with the south spoil
bank,

State Highway 7 is on range line 41—42, which marks the western
boundary of Lake Worth Drainage District. Equalizing Canal 1
enters Hillsboro Canal from the north and extends northward along
the east side of the highway to connections with Boynton Canal and
with West Palm Beach Canal. A 20, 000-gpm pump, installed in 1944
to replace an older pump, supphes water to CanalE-1 forirrigation
of the high sands lands of the district., Gravity drainage into Hills-
boro Canal is regulated by a control, A similar lateral canal ex-
tends southward along State Highway 7 to Cypress Creek Canal,
Irrigation pumps, with a total capacity of about 80,000 gpm,can’
furnish water to this lateral, '

Two miles east of State Highway 7, Canal E~2 connects from the
north, CanalE-2 was extended $ mile south to this location in 1944,
and a 40, 000-gpm pump was installed, replacing two pumps with
a combined capacity of about 8, 000 gpm. Several other pumps are
located in the reach from State Highway 7 to the control and lock,
4% miles to the east,

The control and lock, whichis typical of the older structures (see
fig. 91), is the discharge point for Hillsboro Canal. At times, -head
on the control may be asmuch as 12 ft. Tide effect extends inland
to the controlunder all conditions, except during floods, occasion-
ally, tide effect has been observed above the control when it was
open at low stages. Canal E-3 connects from the north, 110 mile
east of the control. Canal E-4 enters from the north, just west of
the Florida East Coast Railway bridge,’

Hillsboro Canal follows the meandering course of a natural stream
in its lower 2 miles and ends in Deerfield Beach at the Hillshoro
River (now canalized for the Intracoastal Waterway). Flow from
the mouth of the canal moves in the waterway, either north 2 miles
to Boca Raton Inlet, or south 4 miles to Hillsboro Inlet, and joins
the sea, There is limited access to the canal, east of State High-
way 7, by means of occasional connections from State Highway 810,
which runs parallel with, and about $ mile south of, the canal,

The following tabulationlists the principal features along Hills-
boro Canal, with cumulative mileage from Lake Okeechobee,



SURFACE WATER 365

Locatmn Mileage
Centerlme of lake levee and HGS5=4. voverivenieienss cosirusnrs sesees O
Junction with North New River Canal vererenansana veies sesressanann . a2
Control and lock, Chosen.....eeeeues vitesraresssnans veresaran vevssnans . 1.5
Bridge, F. E. C. Railway....cooveiiciniianes saesceaes ceesstannrienae . 2.5
Bridge, State Highway 15, Belle Glade (gagmg station).,.. 3.2
6-Mile Bend; junction with Cross Canal.e.cicessiessasenns ceraves 9.4
Bolles Canal,..... srewsrnsene aremreirbmrtssansnhsenren cvensresssissstnnanss 10.5
Shawano, bridge...cveeesrcarcerssssssnssasnrsececs disinsiseses srermesesss 17,1
Elbow Bend....ceeerscecnss vensveevssesannnnn erasasans v stsesessriensenses vee 31.7
Indian Run..... wasasasanes v eranes tesseestun bscsrrmrnsrissnnsrnn sosinasans 04. 1

Bridge, Canal E-1, State Highway 7, range line 41-42,.u.... 42.7

Canal E_2 ------- eRebnsraRIE P T T L L R T I T R A R A R LR A RS A AR A A A 44 8
Control and lock (gaging station)...... wesesssnnaranrsans seans eenre 47.4
Canal E"'3 ------- T TY YY) P T T T TN T N R AR IEE L) . 47-5

Bridge, Seaboard RailWay....cicecsseesassroranssosssssassssssssassorss 48.0

Canal E-4...iiveneicanns ves srasersonsanastarnre sosavisersrsnsaamascassnere 49,5
Bridge, F. E. C. Railway..iiiiiicisiisisessisnsiaiircisnsensisinnee 49,7
Bridge, U, S. Highway l..iuseceeees cossnns eeevsnnes sesaravsrrsareree .. 50,3
Hillsboro River and Intracoastal Waterway.....oiirveeeveessanses . 51.2

RECORDS AVAILABLE
[Records continued after period of this investigation)

Belle Glade

Stage: May 11, 1940, to Dec. 31, 1946; continuous recorder
graph; daily mean plotted in figures 100 and 101.

- Maximum: 17,48 ft, on Sept, 26, 1940,
Minimum: 10.78 ft, on June 19, 1945,

Discharge: Jan, 11, 1940, to Dec, 31, 1946; daily mean plotted
in figures 100 and 101; monthly and annual runoff listed in
table 36,

Maximum: 481 cfs to east, measured, on Feb, 14, 1940

289 cfs to west (toward lake), measured, on Sept. 9, 1940,

Periods of no flow are common at times of reversal of flow.
Shawano

Stage: Jan, 1, 1929, to Dec. 31, 1946; gage read once daily;
daily meanstage plotted in figures 100 and101; monthly mean
plotted on figure 102,

Maximum observed: 18.19 ft on June 23, 24, 1930,
Minimum observed: 8.73 ft on May 4, 1945
Deerfield Beach (near)
Stage: west of control, Nov, 1, 1939, to April 14, 1940; gage -
read once daily; daily mean stage plottedinfigures 100 and 101,
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Table 36.—Runoff of Hillsbore Canal at Belle Glade

[Unit, 1,000 acre-~feet]

Ammual

WATER RESOURCES IN SOUTHEASTERN FLORIDA

Dec,

Nov,

Qet,

) Sept.

439121
NI

om .3411

Aug.

5723888
]

9335136

July

8275800
]

456248&

May

Apr,

Mar,

Feb,

Jan,

Year

1940
1941
1942
1943
1944

1945
1946

Note, —Negative discharge i:.adicates flow toward Lake Okeechobee,

Table 37.—Runoff of Hillsboro Canal near Deerfield Beach

[Unit, 1,000 acre-feet]

Annual
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April 15, 1940, to Dec, 31, 1946; continuous recorder graph;
daily mean plotted in figures 100 and 101,

Maximum: 12, 10-ft, on Oct. 17, 1944,

Minimum: 3, 50 ft, on Apr, 21, 1941,

Discharge: Nov. 1, 1939, to Dec. 31, 1946; daily mean, plotted
infigures 100 and 101; monthly and annual runoff listed in table
31.

Maximum daily mean: 2,460 cfs, on June 11, 1942, No flow,
on Dec. 16, 1939, Apr. 11, June 18, 1940,
Miscellaneous

Discharge: at intermediate locations on the main canal and at
many laterals, 1931 to 1946; occasional; usually in connection
with special studies; see figure 98 for type of observations.

FLOW CHARACTERISTICS

Because of the restricted channel in the middle reaches, the
control of Hillsboro Canal is effected almost separately for the
lake and coastal sections. The control and lock west of Belle Glade
i in poor condition and has been open for the entire period of ob-
servations. One of the limited control operations has been the
occasional closing and ggrtial closing of the hurricane gate (HGS5-4)
in the protective levee .around Lake Okeechobee. Hillsboro Canal
makes a junction with North New River Canal, and it also is affected
by the control and lock in North New River Canal at South Bay.
Another control factor, of equal importance, has beenthe operation
of the two large pump installations of South Florida Conservancy
District-—one in each canal, The discharge from each of the pump-
houses often divides at the pump and flows both towards the sea and
towards the lake. Because the two canals join and have a common
connection to the lake, the directions of flow in the reaches near
the pumps and the junction of the canals can be a combination of
several possibilities, Whenboth pumps are operating, flow at HGS-4
is usually into the lake. :

When rainfall necessitates heavy pumping along upper Hillsboro
Canal, a water summit may occur in the reach between Belle Glade
and 6-Mile Bend. Flow becomes sluggish, and as the canal stage
increases, the amount of seepage returning to the fields may become
significant.

Prior to the construction of the control at the east end of Cross
Canal in 1944, flow was generally to the northeastinto Cross Canal
from Hillsboro Canal at 6-Mile Bend. In the spring of 1943, this
flow rangedfrom 60 to 95 cfs which was about 65 percent of the flow
at the Belle Glade gaging station, but which probably wa's consider-
ably less thanthe maximum flow into Cross Canal, After the east-
end control was built, flow of Cross Canal was generally into Hills -
boro Canal at 6-Mile Bend, Water summits also were observed in
Cross Canal as a result of pumping and control manipulation.
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The water does not rise out of the banks of Hillsboro Canal west
of 6~Mile Bend, although there have been high-water periods when
emergency dike repairs were necessary. Southeastof 6-Mile Bend
the road and dike on the southwest side are subject to shallow in-
undation. Inthe Shawano area the northeast bank becomes inundated
at moderately high stages, and the canal water spreads out freely
overland; at times, the canal acts as an interceptor of overland
flow from the north. In either case, however, water slopes be-
come extremely flat, and no large effective flow occurs . in the
canal, It is this lack of flow capacity to the east that causes water
in the area east of Belle Glade to become essentially stagnant in
flood periods,

In periods of low and moderate water levels, flow in the reach of
Hillsboro Canal and Shawano to Elbow Bendis small. Because of
the small channel and excessive weed conditions, very little flow
is possible; during periods of extreme drought, essentially no flow
occurs (this was observed in 1944), In the vicinity, and east, of
Elbow Bend, a considerable amount of inseepage from the north is
obtained from the Hillsboro Marsh area,

- Under high-water conditions, the effectiveness of Hillsboro Canal
is reduced considerably by the discontinuous spoil banks in the
middle reaches. QOverland flow from north to south can enter and
leave the canal through breaks in the banks, and it cannotbe stated
positively that any water from the Belle Glade area actually reaches
the seavia the canal, However, some flow continues east from the
Elbow Bend area, whatever the source,

The several pumps for irrigation along the lower reaches of
Hillsboro Canal have a combined capacity of about 280 cfs (1946),
The daily pumping in dry seasons causes the canal stage to drop
at an excessive rate. (See p.373.) :

East of Elbow Bend, the canal is within its banks at all stages,
although one break in the north bank and several low spots inthe
south bank permit inflow and outflow in high-water periods. When
heavy rain threatens or occurs, the controls inCanals E-1 and E-2
are opened, and a large runoff load is suddenly imposed on the
canal. The control near Deerfield Beach is opened or closed in
response to the needs of the area, and the lock is opened under
flood conditions to act as a spillway. Because it is constructed in
sand, the control is vulnerable to possible washouts around the
ends, and efforts are made to keep the stage below 12 ft (the top of
the structure is a little higher than 13 ft).

When the control and lock are both wide open under flood con-
ditions, the stage drop through thé structure may be only a few
tenths of a foot. Then the stage and flow are controlled by the dis-
charge limitations of the canal and other structures farther down-
stream in the normally tidal reach.
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Examinationof the stage and discharge hydrographs, figures 100
and 101, will disclose a number of significant characteristics of
Hillsboro Capal, The stage at Belle Glade in most of the years of
record had a range of only about 2 ft; the greatest change within a
year was 4 ft in the period of recovery from the extreme drought
conditionin 1945, This stage reacted with general water conditions
and was affected relatively little by control operations, Therela-
tionship to Lake Okeechobee, which also reacts slowly, probably
was the principal factor in the stage regimen,

It will be noted that the stage at Shawano often was close to the
stage at Belle Glade, but in the dry-spring periods the stage dif-
ference was greater (exceeding 3 ft at times), This relatively steep
slope reflects the pumping for irrigation and the limited capacity
of the canal to convey water,

Records of water levels in the Everglades are extremely useful
in showing the nature and the trends in water conditions over the
immediate surrounding area. When such a record is collected on,
a canal, the stages usually are representative of a large area, For
this reason, the record of daily stage of Hillsboro Canal at Shawano,
collected since Januaryl, 1929, is worthy of special attention be-
cause it is the longest continuous period of record known in the
Everglades, The daily readings for 193946 are shown in figures
100 and 101, and the monthly mean stages for the period of record,
1929—46, are plottedin figure 102. Note the typical large rise each
year in the summer or fall, except in 1931, and the small risesin
1943 and 1944, The extreme low that occurred in 1945 is out-
standing, particularly because of the fact that the ground surface
at Shawano was about 15 ft above mean sea level, This was at the
trough of the 3-year drought that ended in 1945, The lowest in-
dividual reading was 8,73 ft,

Stage changes at the controland lock near Deerfield Beach were
considerably larger than changes near the lake, as might be ex-
pected, because of control operations. The typical annual stage
range was 6 to 7 feet, and changes of several feet ina few days
were common. Comparison of the graphs (fig. 100 and 101) will
show that extensive stage changes at Deerfield Beach had little or
no effect on stage at Belle Glade. The steep declines at Deerfield
Beach, shown in the spring of the year, beginning with 1943, were
caused by heavy pumping for irrigation; an inspection of the dis-
charge graphs for those periods reveals that discharge at the con~
trol was small-—actually, it was all leakage.

The discharge graphs at Belle Glade and Deerfield Beach tend to
oppose—one graph rose when the other fell—although this effect
was not pronounced because of the relatively small discharge at
Belle Glade,’ The effect of the several dry years starting in 1943

"Compare with discharge of West Palm Beach Canal, figures 96 and 97,
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Figure 102, —Graph of monthly mean stage of Hillsboro Canal at Shawano, 1929-46,

and the realization of the poor carrying capacity of the middle
reaches of Hillsboro Canal is reflected in the discharge graph for
Deerfield Beach for the spring periods. In the droughtyears 1943—
45, discharge was kept to a minimum and no water was purposely
released to the sea. However, although 1946 was a relatively
normal year, no water was released until the first heavy rains
(early in May). This compares with prior years, when large
quantities of water were released in the spring.

Discharge of Hillsboro Canal at Belle Glade was not large at
any time, ranging between 481 cfs to the southeast and 289 cfs to-~
ward Lake Okeechobee, Flow toward the lake is shown on the dis-
charge graphs as a negative value below the zero line. Reverse
flow occurred 10, 0 percent of the time and ranged between 1,4and
25, Opercent yearly. The net flow, however, was to the southeast,
and it averaged 81, 200 acre-ft yearly, An unknown volume of this
water came from the lake. The monthly and annual runoff is listed
in table 36,

The average annual runoff to the sea at Deerfield Beach was
262,900 acre-ft, an average of 363 cfs, which was the least amount
of any of the four major Everglades canals, Table 37 shows the
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monthly and annual runoff. Most of this runoff entered the canal
in the eastern half; only a small part originated in the Liake Okee-
chobee area and moved eastward in the canal proper, Operation
Sf the control and lock near Deerfield Beach caused a wide range
of discharge rates (depending upon need imposed by general water
conditions). In many dry periods, the control was closed to con-
serve water and the flow then consisted of leakage only.

SPECIAL STUDIES

Special studies in the Hillsboro Canal basin were sometimes part
of the large studies covering the Everglades in general, which are
reported in a later section of this chapter under Areal studies,
page 509, '

PUMPING IN LOWER REACHES

One of the special studies of Hillsboro Canal was the evaluation
of pumping along the lower reaches, in 1944, More than a dozen
pumps are used for irrigation of the high sand lands bordering the
‘canal, and the demand is greatest in the late winter and early
spring, when conditions ordinarily are dry. Occasionally, a large
amount of water is pumped to raise levels in truck-farming areas
for frost prevention. Most of the pumping is intermittent and usually
occurs in the daylight hours. Daily drawdowns of the canal level,
as observed above the control and lock near Deerfield Beach, were’
as much as 0,6 to 0.8 ft, Recovery during the night was about 0, 4
to 0,6 ft, thus causing a net daily loss of about 0.2 ft. This rate
continued for several weeks and resulted in excessive drawdown,
which forced some of the pumps to stop, because the water level
declined below the ends of the intakes.

The capacity of the pumps was evaluated at about 280 c¢fs, It mayhbe
assumed that the pumps operated about 9 hours a day at full capacity,
thus averaging 105 cfs per day. The net storage change in the 16~
mile reach (90 ft wide, from the control to the constriction at Elbow
Bend), for adecline of 0, 2 ft, would amount to an average removal
of 17 cfs. Therefore, about 88 cfs was obtained from other sources.
Because about 50 c¢fs may have been coming from the constricted
thiddle reaches of the canal, the remainder (38 cfs) must have been
obtained by seepage. Most of the seepage probably came from the
Hillsboro Marsh, on the north side of the canal west of the farming
area, The marsh plays an important part in the water economy of
the lower Hillsboro Canal, and its capacity and limitations as a
storage basin must be consideredin plans for further development,
Excessive pumping from the canal would deplete the storage inthe
marsh and would shorten the period that it can effectively provide -
irrigation supplies. The salientfactemerges that Hillsboro Canal,
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in its present condition, cannot supply sufficient water for the
irrigation needs of the lower basin-—this fact was emphatically
demonstrated in the drought of 1943—45,

SEEPAGE IN TIDAL REACH

Anevaluation was made, December 10, 1944, of the ground-water
inflow into Hillsboro Canal between the control and lock near Deer-
field Beach and the Dixie Highway bridge—a reach of 2,4 miles.
The several intermediate lateral canals were inspected and were
found to have only negligible amounts of flow; low=water conditions
prevailed, and the controls in the laterals were closed, The dis-
charge at the control and lock was 290 cfs on the day of the study.
Because the canal was affectedby tide below the control, resulting
ina constant change inthe amountof flow in the tidal reach, it was
necessary to make a series of discharge measurements overa tide
cycle at Dixie Highway, The discharge hydrograph is shown in
figure 103, The mean discharge for the tide cycle was 388 cfs,
which puts the variable flow inthe tidal reach ona basis comparable
to the relativély steady riontidalflow of 290 cfs at the control. The
differerice between the two discharges, 98 cfs, represents the
ground-water inflow in the tidal reach. Surface inflow was negli-
gible, and, although the data are subject to moderate degrees of
error, it may be stated that the 98 ¢fsrepresents a fair evaluation
of the inseepage. The rate was 41 cfs per mile of canal;
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Figure 103, -—Graph showing discharge of Hillsboro Canal at Dixie Highway, Deerfield Beach,
December 10, 1941, Period of measurements is one tide cycle,
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- NORTH NEW RIVER CANAL

PHYSICAL DESCRIPTION

As far as effective or working length is concerned, North New
River Canal is the longest major canal in the Everglades and is the
only canal that carries large amounts of water from the Lake Okee-
chobee farm area to the Middle Everglades. (See pl. 14.) Fromits
connection with Hillsboro Canal near the lake, it extends southand
east 60 miles in a series of straight reaches, ranging between 6
and 25 miles in length, to the tidal waters of New River near Fort
Lauderdale. - Like Hillsboro Canal, it may be divided into three
sections, Plate 14 shows the general features of the North New
River Canal drainage area,

The northern, or upper, section of North New River Canal cuts
across the area of intensive farming near L.ake Okeechobee for 10
miles in a north~south course., The head of the canal is at Hills-
boro Canal, several hundred yards east of the hurricane gate
(HGS-4) near Chosen and Belle Glade. The first 2 miles has a
double channel excavated to about twice the size of the normal
channel farther to the south. Near the southern end of this 2-mile
reach, alarge pumphouse of the South Florida Conservency District
is located on the east bank. The town of South Bay and a contrel

~and lock is located 2, 5 miles south of the headof North New River

Canal, The tiny settlement of Okeelanta is located 3. 5 miles farther
to the south, where Bollegs Canal connects both from the east and
from the west, The east branch of Bolles Canal extends eastward
9 miles to Hillsboro Canal. The west branch connects with Miami
Canal, about 8 miles to the west. Neither branch of Bolles Canal
is controlled,

The bend to the southeastward, 10 miles from the lake, roughly
marks the limit of the principal agricultural area, although about
1946 farms were developed south of the bend. Numerous small
farm pumps are located along the upper reach; the canal is acces-
sible by road, except for the first 2 miles, and the banks are
continuous, ’

The middle reaches of North New River Canal extend about 42
milesin a southeasterly direction from the bend south of Okeelanta
to Flamingo Road, about 8 miles east of 20-Mile Bend. The canal
is easily accessible from State Highways 25 and 84 (formerly High~
ways 26 and 26-A), whicharelocatedon, and usually form part of,
the southwest and south bank., Concrete culverts were constructed
on State Highway 25 about every 2,5 to 3 miles from Okeelanta to
20-Mile Bend, These culverts are 10 feet wide and about 6 feet
deep and are fitted with stop-logs at the western ends; thus, they
can be controlled. The eastern spoil bank is in poor condition be-
cause of burning and subsidence, and at some locations, where

346881 O—{55——26 )
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grading was not completed, it is discontinuous. The middle reach
of the canal is cut through a vast sawgrass plain, and the adjoining
area is essentially undeveloped except for some farmsbetween the
bend and the Palm Beach-Broward County line.

Ten miles northwest of the county line and at the county line,
controls with stop-logs were constructed about 1940 by the U, S.
Soil ConservationService and the Everglades Fire Control District,
In addition to these controls, which seldom were used and thus were
removed in 1946, two low dikes (dike B and dike C) were constructed,
extending 4 and 3 miles, respectively, west from North New River
Canal, "The purpose of the dikes was to retard and impound the
southerlyoverland flow in the Everglades, and thus to preserve
organic soils and reduce damage fromfires. When new, the dikes
were only partly effective, and at the present time, because of sub-
sidence and fire, they are completely ineffective, The borrow
ditches, from which the material for the dikes was obtained, re-
main and act as collecting and distributing channels,

Another stoﬁ-lcg control, constructed by the Soil Conservation
‘Service at 26-Mile Bend, has been operated to good advantage.
Water can be diverted to the west, above the control, through a
bridge on State Highway 25 by manipulation of a low control 50 yards
_west of the highway.® Dike E extends 3 miles east from the canal
and is similar to dikes B and C. Flow ihto, or out of, the borrow
canal for the dike passes through a control at the east bank of the
main canal.

At 20-Mile Bend, State Highway 25 continues to the south and
North New River Canal turns to the east, The highway-fill forms
a continuous dike, extending south to the Miami Canal, and it isan
important factor in water control of the area. Five miles east of
20-Mile Bend is 15-Mile Dike, which was constructed south to
South New River Canal. Three miles farther eastis Flamingo Road,
which marks the end of the middle reach of North New River Canal.

The third, or lower, section of North New River Canal starts at
Flamingo Road, about 8 miles east of 20-Mile Bend, This is essen-
tially at the western edge of the intensively developed area lying
south of the canal. Exceptalong the lines of the original transverse
glades to the coast, the muck soil thins out, and areas of sand be-
come the dominant type of soil farther east. Flamingo Canal is on
the west side of FlamingoRoad and extends south to South New River
Canal, A gate in the culvert under State Highway 84 controls flow
from the main canal into Flamingo Canal,

Atrange line 40—41, about 1 mile east of Flamingo Road, a stop-
log control was constructedin 1946° as partof a planto keep a max-

8 'he lateral control was removed late in 1947 to provide a maximum channel for water diverted
from the canal,

9The control has been operated at full~open position to date (early 1949), because of water
needs in the area,
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imum amount of water stored on the unused lands to the north and
west. West Holloway Canal connects from the north just below the
control and extends northward 3. 5 miles and then turns eastward.

Both banks of West Holloway Canal are composed principally of
fine sand; they are vulnerable to wave actionduring periods of high
wind and during periods of area inundation. The west bank forms
part of the range line 40—41 dike, which is being extended north to
Hillsboro Canal (1948-49). A similar, but smaller, control is
located on the north bank of North New River Canal, just above the
main control where the borrow pit and canal for the dike connects
with the canal. The borrow pit originally was Holloway Canal until
the construction of the dike relocated Holloway Canal. Because
the west bank of the borrow canal is low and discontinuous, the
canal intercepts overland flow from the undeveloped plain to the
northwest,

A small number of gravity and pumped laterals extend southward
into the intensive citrus development in the 5-mile reach east of
Flamingo Road, The principal control facility of North New River
Canal -is the lock and dam, north of the town of Davie and 2 miles
west of State Highway 7 (formerly Highway 149). This is the old
coastal control and is the point where the canal discharges into
tidal waters. Just downstream, East Holloway Canal (which is not
controlled) enters the main canal from the north. East Holloway
Canal extends north 4 miles and thenturns westward to connect with
West Holloway Canal.

A 1itt1e mecre than 1 mile east of State Highway 7, North New
‘River Canal ends at South Fork New River, whichis anatural water-
way. Flow from the canal ultimately finds its way to the Intracoastal
Waterway and to the sea, via South Fork New River or Dania Cut-
off Canal, or by both routes-—this is discussed in a subsequent
section on the lower New River basin,

All except the last 3 mile of the lower reach of North New River
Canal is readily accessible from State Highway 84, which is on, or
close to, the south bank.

The following listing gives the principalfeatures along North New
River Canal, with cumulative mileages from its head at Hillsboro
Canal. Additionallocations are listed to show distances to the tidal
waterways at the coast,

Location Mileage

Head, Hillsboro Canal (0,2 mile east of HGS-4)va.iierseriarenses 0
Bridge, F. B, C. RailWaY.u.ccceerersssrssrersosssrarsrsreasssnsassssses 2
Bridge, Highway 80, SOULh Bay..cceiissessraserrarrarernssrssssressres 2o
2
6

Control and lock (gaging station).isieieececssscecssssisssassnesssascacs
Bolles Canal, Okeelanta,...iveersssccesssrssssssssssrersesasssvorascannes

UPES R Sy
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Location Mileage

Bend (south of Okeelanta)...civicveveievrernisseeesreieenrinnsssesnsasees 908
Control, dike B...iiviieieiariesscisscsirssvorsereroreanseaseres srmsnsasase 184 5
Control, dike C, coUnty lin€....cecessersieerrecrarsessensosssnsoseses 284 5
Control, dike E, 26-Mile Bend (gaging station).,.iccveeerernennes 37. 0
20~Mile Bend....ciiiiiseeeisssscasaesunansrsrransensesersnseorasessnennsee 424 8

15~-Mile Dike (t0 SOUtH).u.civeiiarnssrrersrsrrenrersssnsesseensansocsones +48s 1
Flamingo Canal, Flamingo RO&d,meieessrereersssnssasnsssssnssoseses 51a 3
Control, range line 40—41 dike (to north), West Holloway

Canalii iiiiiiiisenirisiiiiesiiniitasesosensrasssssasncarssassonssnsenesensd2e 4
Control and lock (gaging station), East Holloway Canal..,... ., 56.7
Bridge, State HighWay T....isiveeeiissiseriiericeosnercm sosomessornsnns 38, 6
South Fork New River, south of canal..,.....cccveeeverrsernnorenss 59,8

Via South Fork New River and New River

Bridge, 5. A. L. RailWay..,.iveeerereresarsvssenenre sonsninsarasasasss 51,0
New River, North Fork New RiVer,......c.ccecserernesserscsssessose 63,0
Tarpon RIVer. i iiiciiiivecisersernsasesvasin sesnssesvasrasassse sannsons s 6301
Bridge, F. E., C. RallWay,iiiiierereeeseenseserreravernssssssssassssase 8307
Bridge, Andrews Avenue, Fort Lauderdale..,........ieereseneees 53. 8

Bridge, U, S, HighWay 1.. .. ciiiieiiiiosmvossssssssorsscasansssansanses B4 2
Tarpon River..iiiiciicciiiiiiimiioiiiemearonsmenssenes 64, 8
Intracoastal WalerWay.. ivivvieesieiieisesisissresrsrsnsssosanssonnasses 85, 4

RECORDS AVAILABLE
[Records continued after period of this investigation)

South Bay

Stage (north of control): July 19, 1943, to Dec. 31, 1946; staff
gage read twice daily; stage often the same as in Lake Qkee-
chobee,

Maximum observed: 15,58 ft, on Mar, 18-20, 1946,
Minimum observed; 9.56 ft, on June 15, 1945,

Stage (south of control): Oct, 28, 1939, to Dec, 31, 1946; staff
gage read twice daily; daily mean of readings plotted in figures
104 and 105, _

Maximum observed: 14.98 ft, on July 20, 25, 1941.
*Minimum observed: 8,78 ft, on June 15, 16, 1945,

Discharge: Nov. 8, 1939, to Dec, 31, 1946; daily mean of readings
plottedin figures 104 and 105; monthly and annual runoff listed
in table 38,

Maximum daily mean: 445 cfs to north on June 10, 17, 1942;
365 cfs to south, on Dec. 15, 1946, No flow for long periods
and at times of reversal of flow. '
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Table 39.— Runoff of North lew River Canal near Fort Lauderdale
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Figure 104, —Graphs showing stage and discharge of North New River Canal, 1939-42,

08¢

VAOTd NYILSVIHLNOOS NI SE3DUNOSTY HILVM



! DISCHARGE , IN CUBIC

ELEVATION, IN

FEET PER SEGOND FEET ABOVE MEAN SEA LEVEL

DISCHARGE , IN GUBIC

ELEVATION, IN
FEET ABOVE MEAN SEA LEVEL

FEET PER SECOND

' ! I south Bay! | i Lake Ckeechobes  South 8oy
| Ltke Obeechobas | (South of controll —————~g @ {Southof cantro) [T
M B e 2 e 0 za ] S SR e
S S o |~ z-',;,‘ 1\;‘ % [ S b
See—" 23 EH Y
3| ’T i g % " 1 4'L 26-Hile Bend
Skl Gy ety |
5 v ‘U\.\r‘ W\; Py "’W\f At § A \[‘(\J S /
“ ear Fort| Lauderdals. 3 Lo . Nmu_rmm
{obove controf) | ; I H." ;
2 - 1 | 1
v
1500 ! | I T I §§ 1500
1000] : : og "
; [ i zg
500 South Bay Wl sl | sauthpay -
e PP W m«-a\"%w %i N, mm_L o
\Nenq:i-’nrt touderdale 1943 § § “HearFort Luudardu,e Toword Loke Ok_eechnbee/
"\ A | e | R | AP | WY | JUNE O SN g FEm | WAR | APRL | WAY | JuNe . JUL¥ SEPT__OCT.
¥ T P — Z}—f-—-\w o e y — 7 T
" _ {South of control} ! g ‘“""*?—"\.r ke L ljlse Okeechobee N o ey
N Lake Oksechobee vy v Ao, i - I K ,fh
¥ Y . ol N 22 o i s o ’"\.Ns.\ f
T "‘f’n\’ﬁ“"' ’ \L\N hex N Y south Bay* {Smrlh of control}
o S 5 T 52 e NP JV\L"— S S
1 [ ="‘"= o H '5 5 [ ™ 26-Mile Bend A
: . Al - . i o= fabove comtrok}
26- MileBond " | ‘—n;;’ z w |
E {ebove controty g M~ v"lr'\ 3
a f U\/\W i NearFort Louderdale \f"\,\‘_
Fort’ ontrol)
Mear Fort' Lauderd i {above ¢
2o fabove contral} | b i |
1500 . o 150
I gg ! |
1 3 3 10m -
A z9 o r)\/ LI~
South Boy e W 500 Seudh Boy F~ il ™ !\ :
| ,\—\,\‘ gg ] L _JI,._. j‘\rf 3 @5@(
- }
,,5, I Meor Forl Lauder dale 1946
Fu siol e sErr e
& W FEB. | WAR. L TULY | AUE | SEPT | QT | WOV, | DRC

Figure 105, —Graphs showing stage

and discharge of North New River Canal, 1943-46,
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26-Mile Bend .

Stage, north of control: June 23, 1942, to Dec. 31, 1946; con-
tinuous recorder graph; daily mean plotted in figures 104 and
105.

Maximum; 11,05 ft, on Aug. 4, 1944,
Minimum: 6,42 ft, on Mar. 6, 1943,

‘Discharge: Aug, 1, 1941, toDec, 31, 1946; through main control;
about twice-monthly discharge measurements,
Maximum measured; 1,170 cfs, Aug. 1, 1941,
Minimum measured: 9.4 cfs, on Dec, 15, 1944,

Fort L.auderdale, near, Lock No. 2~

Stage, west of control: Nov. 4, 1939, to Dec, 31, 1946; contin-
uous recorder graph; daily meanplotted infigures 104 and 105,
Maximum; 6,93 ft, on Dec. 16, 1946.

Minimum; 0, 78 ft, on Dec. 3, 1942,
Maximum known: 7.66 ft, on QOct. 15, 1929, from records by
Everglades Drainage District.

Discharge: Nov. 8, 1939, to Dec, 31, 1946; daily mean plotted
in figures 104 and 105; monthly and annual runoff listed in
table 39, ,

Maximum daily mean: 1,970 cfs, on Aug. 8, 1941,

Minimum daily mean: 3 cfs, several days in May and June
1945; leakage only. '
Maximum known: 5, 400 cfs, on QOct, 15, 1929, from records
by Everglades Drainage District.

Miscellaneous
Discharge: at intermediate locations on the main canaland at
laterals, 1939 to 1946; occasional; usually in connection with
special basin studies; see figure 106 for type of obser-
vations. :

FLOW CHARACTERISTICS

Conditions of flow in North New River Canalnear Lake Okeecho-
bee are necessarily associated with the regimen of the upper Hills-
boro Canal because the two canals joinand form a continuous reach,
The control andlock at South Bay was inpoor condition during the
period of observations by the Geological Survey, but it was operated
to hold varying small heads. Thus, Hillsboro Canal, in which the
control near the lake does not function, is the semidependent water-
way and is controlled in part by North New River Canal. Under
certainconditions (see p, 336), the hurricane gate (HGS-4), in the
protective levee west of the junction of the canals, acts asa coritrol,

The large pump north of the control at South Bay and the similar
pump in Hillsboro Canal at Chosen (near Belle Glade) have a con-
siderable effect on the directionand distribution of flow in the upper
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reaches of the canals, The pump discharge often divides at the
pumps, and thus all combinations of flows result. Ordinarily, when
both pumps are discharging, flow at HGS-4 is into Lake QOkeechobee,
although flow in the two canals at'the gaging stations may be away
from the lake,

In periods of heavy rainfall, flowat the South Bay control may be
to the north (toward the lake), partly because of heavy pumping at
farms south of the control. Although at one time the water summit
was found at Bolles Canal, this may not always be true, The maxi-
mum digscharge to the north exceeds the maximum to the south
(based on 7 years of record). The lock at the South Bay control is
not operated as a discharge channel,

Between South Bay and the bend south of Okeelanta, the east bank
of North New River Canal overflows at several locations during
flood periods. Numerous farm pumps discharge into, or irrigate
from, the canal, Water in the east and west branches of Bolles
Canal flows into the maincanal, but it may reverse when irrigation
demand exceeds the ordinary flow, Bolles Canal is a poor water
carrier because itflows through the area of greatest soil subsidence
in the Everglades—®6. 4 ft of soil was lost near Okeelanta between
1813 and 1946 (Florida Agr. Exper, Sta., 1948, p, 80). Because
of a lack of maintenance procedures, the channel area has been
reduced by extensive shoals near the pumps,

Flow through culverts in State Highway 25, from the bend south
of Okeelanta to the Palm Beach-Broward County line, usually is
into North New River Canal. Inwet seasons, water from the higher
lands along the west side of the Everglades, south of Clewiston,
moves overland in a southeasterly direction into the North New
River Canal drainage area. The canal is in a definite subsidence
valley and acts as a collecting channel. This actioncontinues until
drought stages develop, whereupon the water in the canal is held
higher than in the land, and outflow to the land by seepage may
occur, Exceptwhere farm ditches may be connected, stub laterals
extend about 50 ft westfrom the culverts.

From the Palm Beach-Broward County line to 26-Mile Bend,
flow inthe highway culverts is out of the canal in flood periods,
but it may reverse when a return to moderate levelsoccurs.

Water levels above the control at 26-Mile Bend usually are main-
tained sufficiently high to divert flow through the stub lateral to the
west, where it fans out over the openlands., Qccasionally, the stage
is low enough to permit inflow to the canal, but the control in the
lateral was operatedto prevent such flow (see footnote on page 376),
Water is also diverted through the control in the east lateral, but
this flow is smaller than the flow to the west, Because ofthe rel-
atively close relationship to the higher water levels of the Hillsboro
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Canaldrainage area, flow into the canal from the east lateral occurs
in periods of moderate water levels.

Flow in the highway culverts from 26-Mile Bendto 20-Mile Bend,
when open, is into North New River Canal.

Under high-water and flood conditions overland flow from the
northeast enters the canal at numerous gaps in the eastern spoil
bank from Okeelanta to 20-Mile Bend. Flow in the highway culverts
may be, and oftenis, cutoff by placing stop-logs in the control ends
of the culverts,

The north spoil bank of North New River Canal, from 20-Mile
Bend to the control andlock north of Davie, is high and continuous,
except for several low places that permit inflow into the canal in
extreme flood conditions. The only north-bank lateral is West
Holloway Canal which in wet periods pours large quantities of water
into the main canal. This 14-mile reach is important to the water
economy of what is knownas the Davie area, the land lying between
North New River and South New River Canals and extending a short
distance south of the latter canal.

State Highway 84 (formerly Highway 26A), on the south side of
the canal, forms a continuous dike thatis topped only in maximum
flood conditions; and even then, a temporary low levee of sand and
gravel is constructed to prevent overflow. A number of culverts
under the highway connect with distributionlaterals and farm ditches
extending to South New River Canal. Some of the laterals utilize
pumps for irrigationor drainage, but most of the water is supplied
by gravity flow.

South New River Canal is held at a lower stage than North New
River Canal and acts principally as a drainage channel, The rela-
tionship between these two large, and roughly parallel, canals is
unique because both irrigationand drainage are possible by gravity
and sometimes are carried on simultaneously. Seepage rates in
the sand and rock of the area are fairly high and necessitate addi~
tional pumping and drainage capacity.

The control and lock north of Davieis a typical Everglades struc-
ture, The spillway and stop-log section is entirely removed and
the lock is opened to provide maximum capacity for flood flows.
In maximum floods, overflow occurs at the north end of the control,
but there is no serious threat of washout because the whole strue-
ture is subject to a high degree of submergence; drop in water sur-
face acrossthe controlis onlya few tenths of a foot, and velocities
are relatively low. Tide effectordinarily extends to the downstream
face of the control, but it may occur above the control at moderate
and low stages when the control or lock is open.
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The northbank has several large breaks for a distance of 1 mile
east of the control andlock, which permit large quantities of over-
land flow to enter North New River Canal invery wet periods. State
Highway 84 on the south bank is subject to overflow, unless it is
diked off,

The canal takes a gently meandering course east of State High-
way 7 (formerly Highway 149), and it enters the swampy headwaters
of New River. A discussion of the lower New River basin is in a
subsequent section,

Because of the natural and artificial water regimen of the area,
North New River Canal, throughout its length, is inadequate for
the water load imposed on it. Although its construction closely fol-
lowed the original design, it cannot handle the requirements of the
upper, middle, and lower reaches, Satisfactory operation of the
canal has been prevented by the conflicting needs in the several
areas and by alack of responsibility for operation of the controls.

The stage and discharge hydrographs, figures 104 and 105, show
certainsignificant characteristics of North New River Canal at the
principal gaging stations. The intermediate record at26-Mile Bend
aids considerably in studying the regimen of water events in the
basin,

When HGS~4 was open, and flow in the upper canal was small,
the stage at the north side of the controlat South Bay was much the
same as that in Lake OQkeechobee. The control was in poor condi-
tion, but heads of as muchas 4 ft were held. Repairs to the control
in July 1945 were reflectedin the relatively stable discharge after-
ward, It will be noted that the greatest discharge at SouthBay was
reverse flow (toward the lake).

The stage at South Bay was independent of stage changes at the
control west of Fort Lauderdale (Lock No. 2), except to the extent
that general water conditions affected the whole basin; and it was
independent of changes at 26-Mile Bend to a considerable degree.
It will be noted that when discharge at Lock No, 2 was large, the
discharge at South Bay was small (and in extreme cases, it was
reversed),

Stage changes at 26-Mile Bend often were reflectedin the stage
at Lock No. 2, but at times the changes at the two stations were
opposed (as in March 1946). Occasionally, a large stage-change
at 26-Mile Bend, with consequent reduction of flow, caused no
significant change atLock No. 2 because control adjustments were
made at Lock No. 2 to hold the same stage (see November 1942
and October 1943),
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In common with other Everglades canals, adjustments of stage
at the lower control (Lock No. 2) often resulted in essentially no
change in discharge once the storage behind the control had ad-
justed. A very low stage occurred in September 1945 when the
control was opened to facilitate repairs to the control,

The daily discharge of North New River Canal atSouth Bay was
not large at any time, ranging between 365 cfs to the south and
. 445 cfs to the north (toward Lake QOkeechobee), Flow to the north,
or reverse flow, is shown on the discharge graphs below the zero
line as a negative value—here, the flow toward the sea is deter=~
mined to be the positive, or normal, direction. Reverse flow
occurred 3.5 percent of the time and ranged between 0 and 11,7
percent yearly, which was a shorter period of time than for
reverse flows that occurred in West Palm Beach and Hillsboro
Canals, The net flow, which was to the south, averaged 72, 400
acre-ft yearly. Part of this water came from the lake but the
amount is unknown. The monthly and annual runoff is listed in
table 38. '

Periodic measurements of discharge from the west reach of
Bolles Canal into North New River Canal were made in 1940-42,
The maximum discharge measured was 300 cfs, on July 28, 1941,
On several occasions no flow was observed during dry periods, and
it is believed reverse flow into Bolles Canal occurred when irri-
gation demand exceeded the flow from the west.

Construction of North New River Canal closely followed the
original design, but because of its length and slightly smaller
cross section, it was less effective than West Palm Beach Canal
in draining the Everglades. The average annual runoff to the sea
at the control and lock west of Fort Lauderdale was 309, 100 acre-:
ft, which averages 427 cfs., More than three-quarters of this run-
off originated to the south of South Bay, and undoubtedly a large
part of it drained by seepage and direct inflow from the unused
lands to the south of the principal farming area, Table 39 shows
the monthly and annual runoff,

The discharge at the lower control varied widely, and in dry
periods, when flow was cut off by closing the control gates, the
discharge was as little as 3 cfs. This small flow was leakage
through the lock gates and under the structure, and until repairs
were made early in 1945, the flow amounted to at least 30 cfs,

SEEPAGE RATES

A series of 14 studies of North New River Canal was made in
the period 1941—45 to determine seepage losses or gains, Because
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of the dense cover of hyacinth on the canal at that time, observations
of flow could not be made at all of the desired locations and, nec~
essarily, some studies were incomplete.

Most of the seepage determinations were made under dry condi-
tions, when movement of water was slow and differences of discharge
between locations along the canal reached the point of permissible
measurement error, Some of the studies, however, were complete
enough to furnish significant information. Data obtained along North
New River Canal on May 1, and November 2, 3, 1944, are shown
in figure 106, Only the lower half of the canal is shown, because
the more significant phase of the problem occurred there. Seep-~
age rates are shownas straight lines between observationlocations.
Discharge in the main canal is shown as a continuous graph with
inflows, or ouiflows, indicated by vertical distances,

The study of May 1, 1944, was made under extremely dry con-
ditions, The level of Lake Okeechobee was low, and flow at the
upper end of North New River Canal was only 157 cfs, Water levels
were below the ground surface throughout the length of the canal,
but they were above, and below, the ground-water table at various
locations, The most interesting aspect of the study is the loss, or
outseepage, in the east-west reach from 20-Mile Bend to 15-Mile
Dike, Here, the canal is cut through permeable rock and the soil is
shallow, but farther to the east, deep sand is encountered and the
seepage rate decreased, In this particular instance, the canal level
was above the water table and outseepage occurred at an average

.rate of 21 cfs per lineal mile.

The study of November 2, 3, 1944, was made when water levels
were moderate in the upper Everglades and fairly high in the lower
Everglades. The water table at most locations along the canal was
higher than the level of the canal, and the discharge of the canal
progressively increased downstream. The graph shows that the
gain in discharge, or inseepage, increased considerably between
20~Mile Bend and 15~ Mile Dike and averaged 19 cfs per lineal mile.
At the time,. it is probable that most of the inseepage was derived
from the areanorth of the canal, where water was stored above the
canal level, The vertical jumpin the discharge graph at range line
4041 represents a large inflow from this storage pool,

The two studies furnish anindication of the intricate relatipnship
between water levels and canal flows. The seepage rates are not
maxima for North New River Camnal, or for any other canal that is
dug in porous rock., On the other hand, unpublished data by U. S.
Soil Conservation Service shows that, under stable water conditions,
the level of a canal can be consideradbly indepéndent of the water
table, which can continue at a uniform slope across the line of the
canal,



388 WATER RESOURCES IN SOUTHEASTERN FLORIDA

30
20 P myr—y
r— h
November 2 and 3, 1944~ "2
———fm—d

PRl |

r__l

Moy |, 19447 %——s]

SEEPASE PER MiLE,IR
CUBIC FEET PER SECOND
o

-30 t t 1 t t 1 t

T00

2 2 T e 2 ‘_'.: g
e = a ar E K=
§ ‘E ; : 2 g _rO“
E 2 g z R
o ] O -
00 s - @ e v S £
5 £ £ 3
H 2
H o
3 5
E H
500 ® @
~ E
g s
[+]
o ]
@ I
w
& !
400
a 1
-y
I /‘p— =d
w /
. /
2 4
g Discharge measurement /|
o 300 L
£ /yﬁ‘- November 2 and 3, 1944
i r
] Fy
« r
-4 -
§ 200 -L'-' N
o ____,4-—;"
o May |, 1944
;-
-
”’
s
o

100| l
M Lo

] — . e -
20 25 30 35 40 45 50 55 &0

MILES BELOW JUNCTION W(TH HILLSBORO CANAL

Figure 106, -=Graph of discharge and seepage rates of North New River Canal on May 1 and
November 2, 3, 1944.



